Tryptophan requirements and the effects of supplemental tryptophan on growth performance, plasma metabolites, and meat quality in nursery, growing, and finishing pigs by Guzik, Amy Christina
Louisiana State University
LSU Digital Commons
LSU Doctoral Dissertations Graduate School
2002
Tryptophan requirements and the effects of
supplemental tryptophan on growth performance,
plasma metabolites, and meat quality in nursery,
growing, and finishing pigs
Amy Christina Guzik
Louisiana State University and Agricultural and Mechanical College, aguzik@lsu.edu
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_dissertations
Part of the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Doctoral Dissertations by an authorized graduate school editor of LSU Digital Commons. For more information, please contactgradetd@lsu.edu.
Recommended Citation
Guzik, Amy Christina, "Tryptophan requirements and the effects of supplemental tryptophan on growth performance, plasma




TRYPTOPHAN REQUIREMENTS AND THE EFFECTS OF SUPPLEMENTAL 
TRYPTOPHAN ON GROWTH PERFORMANCE, PLASMA 
METABOLITES, AND MEAT QUALITY IN NURSERY,  










Submitted to the Graduate Faculty of the  
Louisiana State University and  
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 






















Amy Christina Guzik 
B.S., Louisiana State University, 1997 




Dr. Southern, thank you for the guidance and knowledge you have given me 
through these past years.  Thank you for teaching me not only about swine nutrition, but a 
lot about myself.   Thanks are also expressed to the members of my committee, Dr. 
Bidner, Dr. Lavergne, Dr. Fernandez, and Dr. Losso.  I appreciate your support and 
advice throughout my program. 
I would like to thank Dr. Brian Kerr for providing me with opportunities to 
broaden my knowledge.  I appreciate your advice and friendship during my graduate 
program. 
I would like to especially thank Dr. Thompson for always being on my side.  You 
have never let me down and I always left your office feeling better regardless of the 
problem I approached you with.  I never hesitated about coming to you to discuss life, 
school, etc. and you will never know how much it helped having you there to talk to.  I 
appreciate everything you’ve done for me since I’ve been in graduate school.  You will 
always be remembered as a good friend. 
  Thanks to my friends for allowing me to be myself.  Kelly, thanks for being such 
a great BEST friend.  Brandy, I have enjoyed our friendship and I wish you all the luck in 
veterinary school.  Ben, thanks for providing comic relief when I needed it most and 
always sticking by me even when I didn’t make it easy for you.    
Lastly, I would like to thank my loving parents for their encouragement and 
support throughout my graduate school experience.  Thank you for your patience and 






TABLE OF CONTENTS 
ACKNOWLEDGEMENTS........................................................................................ ii 
LIST OF TABLES...................................................................................................... v 




1  INTRODUCTION ................................................................................. 1 
 
2 REVIEW OF LITERATURE ................................................................ 3 
  Metabolism ................................................................................ 3 
  Neurotransmitters and Melatonin .............................................. 4 
  Behavior..................................................................................... 8 
  Requirements ............................................................................. 12 
  Meat Quality .............................................................................. 15 
 
3  THE TRYPTOPHAN REQUIREMENT  
 OF NURSERY PIGS ............................................................................. 19 
  Introduction................................................................................ 19 
  Materials and Methods............................................................... 20 
  Results........................................................................................ 25 
  Discussion.................................................................................. 30 
 
4  THE TRYPTOPHAN REQUIREMENT 
 OF GROWING AND FINISHING PIGS.............................................. 38 
  Introduction................................................................................ 38 
  Materials and Methods............................................................... 39 
  Results........................................................................................ 45 
  Discussion.................................................................................. 46 
 
5 THE THREONINE:LYSINE AND TRYPTOPHAN:LYSINE  
 RATIOS OF NURSERY PIGS..............................................................52 
  Introduction................................................................................ 52 
  Materials and Methods............................................................... 53 
  Results and Discussion .............................................................. 54 
   
 
 iv 
6 THE EFFECTS OF DIETARY TRYPTOPHAN ON PLASMA 
 AND SALIVARY CORTISOL AND MEAT QUALITY IN PIGS .....62 
  Introduction................................................................................ 62 
  Materials and Methods............................................................... 63 
  Results........................................................................................ 68 
  Discussion.................................................................................. 73 
 
7 BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF 
SUPPLEMENTAL L-TRYPTOPHAN ON AGGRESSION IN 
WEANLING PIGS ................................................................................78 
  Introduction................................................................................ 78 
  Materials and Methods............................................................... 79 
  Results........................................................................................ 85 
  Discussion.................................................................................. 85 
 
8  SUMMARY AND CONCLUSIONS .................................................... 92 
 




LIST OF TABLES 
Table 
2.1. Amino acid composition of common feedstuffs (NRC, 1998) ............................14 
  
2.2.  Tryptophan recommendations (NRC, 1998)........................................................14 
2.3. Review of tryptophan requirements.....................................................................16 
3.1  Analyzed amino acid composition (%) of ingredients.........................................22 
3.2  Composition of experimental diets on an as fed basis, Exp. 1 ............................26 
3.3.  Composition of experimental diets on an as fed basis, Exp. 2, 3, 4, and 5..........28 
 
3.4.  Growth performance of phase II pigs fed various protein sources, Exp. 1..........29 
 
3.5. Growth performance of phase III pigs fed a positive control diet or a diet  
 deficient in tryptophan or this diet supplemented with tryptophan, Exp. 2.........31 
 
3.6.  Growth performance of phase I pigs fed graded levels of tryptophan, Exp. 3 ....32 
 
3.7.  Growth performance of phase II pigs fed graded levels of tryptophan, Exp. 4...33 
 
3.8.  Growth performance of phase III pigs fed graded levels of tryptophan, Exp. 5..34 
 
3.9. Growth performance of pigs fed a gelatin-based tryptophan-deficient diet, the 
deficient diet with supplemental L-tryptophan, and a positive control diet ........35 
 
3.10. Effects of protein level and(or) gelatin on growth performance of  
 broiler chicks........................................................................................................36 
 
4.1.  Analyzed amino acid composition (%) of ingredients.........................................40 
 
4.2.   Composition of basal diets...................................................................................42 
 
4.3.  Growth Performance of finishing pigs fed a diet deficient or adequate in 
tryptophan ............................................................................................................45 
 
4.4. Carcass traits of finishing pigs fed diets deficient or adequate in  
 tryptophan ............................................................................................................47 
 
4.5.  Growth performance of finishing pigs fed graded levels of tryptophan..............48 
 
4.6. Carcass measurements of finishing pigs fed graded levels of tryptophan ...........49 
 vi 
 
4.7. Serum urea nitrogen (SUN, mmol/L) concentrations of 30.9 and 51.3 kg  
 barrows fed graded levels of tryptophan..............................................................50 
 
5.1.  Composition of basal diets...................................................................................55 
 
5.2. Effects of tryptophan and threonine on growth performance during phase II,  
 III, and overall......................................................................................................57 
 
6.1.  Composition of basal diets...................................................................................67 
 
6.2. Growth performance of finishing pigs fed tryptophan in feed or bolus form  
 before slaughter....................................................................................................73 
 
6.3.  Carcass measurements of finishing pigs fed tryptophan in feed or bolus form 
before slaughter....................................................................................................74 
 
7.1.   Composition of basal diets...................................................................................83 
 
7.2.   Growth performance of pigs fed tryptophan during the nursery period. .............86 
 
7.3. Behavioral responses of pigs fed tryptophan during  
 the nursery period. ...............................................................................................87 
 
7.4. Indolamine and catecholamine concentrations in the hypothalamus of pigs fed 
tryptophan during the nursery period...................................................................88 
 
7.5. Salivary cortisol concentrations of pigs fed tryptophan during the nursery  
 period ...................................................................................................................88 
 
7.6. Villus height and crypt depth in pigs fed tryptophan during the nursery  
 period ...................................................................................................................89 
 vii 
LIST OF FIGURES 
Figure 
 
1.1.   Structure of tryptophan .............................................................................1 
 
2.1. Amino acid composition of SBM, gelatin, and peas ................................15 
 
5.1abc.  Growth performance during phase II. .......................................................58 
 
5.2abc. Growth performance during phase III.......................................................59 
 
5.3abc. Growth performance overall. ....................................................................60  
6.1. Cortisol concentrations after snaring, Exp. 1............................................ 70   
 
6.2ab.   Plasma cortisol and lactate concentrations of pigs fed a basal diet or the  
 basal + 0.5% supplemental tryptophan for 5 d, Exp. 2 .............................71 
 
6.3. Plasma cortisol concentrations of pigs fed a basal diet or the basal +  






This research was conducted to estimate the true digestible Trp (dTrp) 
requirements in nursery, growing, and late finishing pigs and the effects of supplemental 
Trp on physiology, behavior, and meat quality.  Five experiments were conducted to 
estimate the dTrp requirement in nursery pigs.  Using broken-line regression analysis, 
dTrp requirements were 0.21, 0.20, and 0.18% for Phase I (5.2 to 7.3 kg), II (6.3 to 10.2 
kg), and III (10.3 to 15.7) nursery pigs.  In addition, four experiments were conducted to 
estimate the dTrp requirements in growing and finishing pigs.   Using broken-line 
regression analysis, the dTrp requirement of pigs weighing 30.9, 51.3, and 74.6 to 104.5 
kg was 0.167, 0.134, and 0.102%, respectively.  An experiment also was conducted to 
determine the ratio of Trp:Lys and Thr:Lys in diets for nursery pigs (7.1 to 15.6 kg BW).  
The treatments were arranged in a 3 x 3 factorial with three ratios of true digestible 
Thr:Lys (0.55, 0.60, or 0.65) and three ratios of true digestible Trp:Lys (0.145, 0.170, or 
0.195).  Overall, optimal performance was in pigs fed the true digestible Trp:Lys ratio of 
0.195 at Thr:Lys ratios 0.60 and 0.65.  These results indicate that dietary levels of Trp 
above 0.19% may be needed to maximize growth performance in diets containing wheat 
and barley.  Four experiments were conducted to determine the effects of supplemental 
Trp on meat quality and plasma and salivary cortisol and plasma lactate in growing pigs.  
Pigs fed the diet with supplemental Trp had lower (P < 0.01) mean plasma cortisol and 
lactate (P < 0.07) concentration than pigs fed the basal diet.  Meat quality effects varied, 
but overall, results indicated that Trp had no positive effect on meat quality.  Lastly, a 
study was conducted to evaluate the effects of Trp on growth, behavior, intestinal 
morphology, and brain and plasma metabolites subsequent to weaning and mixing.  
 ix 
Cortisol was decreased (P < 0.07) after mixing in pigs fed Trp.  Brain metabolites also 
were increased (P < 0.09) by Trp.  Tryptophan supplementation has varied effects on 
growth performance, behavior, physiology, and meat quality in pigs.
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CHAPTER 1   
INTRODUCTION 
 Tryptophan (Trp) is an aromatic amino acid that was discovered over one hundred 
years ago (1901) when it was isolated from a pancreatic digest of casein (Figure 1.1).  
The concentration of Trp in the body is the lowest of all the amino acids and, it can play a 
rate limiting role in protein synthesis.  
  
 
Figure 1.1 Structure of tryptophan 
 
 Tryptophan not only serves as a subunit of protein, it also acts as a precursor for 
neurotransmitters and hormones.  In the brain, Trp is the precursor for serotonin (5-
hydroxytryptamine), which is thought to inhibit a variety of behaviors such as aggression, 
feed intake, and stress response.  Also, in humans, serotonin is involved in the control of 
mood.  The uptake of Trp into the brain is dependent on the availability of the transport 
system referred to as the blood-brain-barrier.  The transport system only allows passage 
from blood to the brain and also is used by other amino acids (LNAA; phenylalanine, 
tyrosine, leucine, isoleucine, and valine).  The LNAA compete with Trp for 
transportation and this competition can affect the amount of Trp in the brain.  Based on 
this phenomenon, there has been interest in dietary manipulation that will increase the 
uptake of Trp and elevate serotonin, mainly by increasing the amount of Trp ingested.   
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 In diets for pigs, Trp plays an important role by affecting growth performance if 
there is not an adequate supply.  Pigs are commonly fed a corn-based diet in which Trp is 
often considered the second limiting amino acid.  Limiting Trp levels in pig diets have 
been shown to have a negative effect on growth performance (Henry, 1995).  The ability 
to supply Trp at adequate levels while minimizing excesses is difficult.  Based on this 
information, and the information of Trp effects on serotonin, there are many 
physiological aspects that can be affected by dietary Trp.   
 The objectives of this research described in this dissertation were: 1) to estimate 
the Trp requirement in nursery, growing, and finishing pigs, 2) estimate the optimal 
Trp:Lys and Thr:Lys ratios in nursery pigs needed for optimal growth performance, and 
3) determine the effects of supplemental Trp on  growth performance, physiology, plasma 




 Tryptophan (Trp) is one of most interesting and complex amino acids.  The lack 
of sensitive methods for Trp determination in proteins and biological fluids, low content 
in common feedstuffs, high cost of crystalline Trp, and the high degree of variability 
associated with scientific studies have made determination of Trp requirements for 
animals difficult.  Feedstuffs of relatively high Trp content (g/16g N) include eggs, milk, 
soybeans, potatoes, and cereals such as rice, barley, wheat, rye, and oats.  Tryptophan is 
completely lacking in gelatin and its content in yeast and corn is extremely low (NRC, 
1998). 
 Tryptophan is one of the limiting essential amino acids in protein metabolism.  It 
serves as the precursor of serotonin, melatonin, tryptamine, NAD, and NADP, as well as 
meeting the majority of the requirement for nicotinic acid (Sainio et al., 1996).  By its 
involvement in such diverse pathways, Trp and its metabolites regulate neurobehavioral 
effects such as appetite, sleeping-waking-rhythm, impulsivity, aggression, sexual 
behavior, and pain perception.  
Metabolism 
 Tryptophan is involved in many pathways that yield a variety of end products.  A 
small proportion of Trp serves as the precursor for the neurotransmitter and 
vasoconstrictor, serotonin.  Serotonin is responsible for smooth muscle contraction as 
well as affecting various other physiological functions.  Production of serotonin occurs in 
the brain stem (1-2% of the total body serotonin) and in serotonergic nerves, 
enterochromaffinic cells, thrombocytes, and mast cells.  It is also widely distributed in the 
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hypothalamus (Guyton and Hall, 1996).  Serotonin is produced by the hydroxylation of 
Trp (tryptophan hydroxylase) in position 5 of the indol-ring, resulting in the formation of 
5-hydroxytryptophan, which is then converted by decarboxylation to 5-
hydroxytryptamine (or serotonin).  Subsequent metabolism of serotonin results in the 
formation of melatonin, a neurohormone in the pineal body. 
 Quantitatively, the most important pathway for Trp metabolism, after protein 
synthesis, is the kynurenine pathway (via tryptophan 2,3-dioxygenase), which is 
responsible for over 90% of Trp catabolism.  Metabolites from this pathway include: 
nicotinic acid ribonucleotide (where ≈60 mg of Trp are equivalent to 1 mg of nicotinic 
acid), picolinic acid, tryptamine, anthranilic acid, kynurenic acid, and acetyl-CoA.   
 Tryptophan originating from food proteins and from endogenous sources is 
degraded to indole, skatol, indolacetate, indolpyruvate, and indican when subjected to 
microbial degradation in the large bowel.  Lastly, serotonin can be metabolized to 5-
hydroxyindole acetic acid by the enzyme monoamine oxidase, which is excreted in the 
urine.  Normally however, this pathway excretes only about 1% of the ingested Trp 
(Heine et al., 1995; Sainio et al., 1996). 
Neurotransmitters and Melatonin 
 Brain neurotransmitters are intricately linked with Trp and its role in body 
metabolism. Because of its involvement with brain serotonin, Trp has been shown to be 
responsible for affecting mood regulation, feed intake, behavior, and sleep patterns 
(Leathwood, 1987; Baranyiova, 1991).  The transport of Trp through cell membranes is 
competitively inhibited by LNAA such that the Trp:LNAA ratio in plasma is key in Trp 
crossing the blood-brain-barrier and thus being available for serotonin synthesis.  
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Because serotonin does not pass the blood-brain-barrier, the only way to increase the 
concentration of serotonin is treatment with its precursors, 5-hydroxytryptophan or Trp, 
which act to increase the cerebral serotonin state. Ingestion of meals rich in carbohydrates 
may increase plasma Trp and consequently, Trp availability to the brain, while meals rich 
in protein may lower Trp availability to the brain.  This situation is thought to be due to 
the carbohydrate-induced release of insulin, which results in an increased uptake of free 
plasma amino acids into muscle tissue, with the exception of the serum albumin-bound 
proportion of Trp.  Tryptophan is the only amino acid that binds to serum albumin to a 
high degree, where 90% is bound and 10% is free.  The protein-bound proportion of Trp 
may then be released during the perfusion of the brain capillaries, leading to an increased 
Trp:LNAA ratio resulting in enhanced transport of Trp into the brain tissue (Heine et al., 
1995).  Histidine, methionine, and threonine also have been shown to have a negative 
effect on Trp uptake into the brain (Sainio et al., 1996; Sève, 1999). 
 Tryptophan is not only metabolized to serotonin, but subsequent metabolism of 
serotonin results in the formation of melatonin.  Melatonin, a neurohormone, is produced 
in varied amounts depending on the body’s “cycle”.  It is involved in the regulation of the 
day- and night-biological rhythm, which is affected by light.  Melatonin production is 
increased at night, sometimes ten-fold, relative to daylight hours.  It modulates a range of 
physiological functions, with the most widely known and studied being sleep (Lydic and 
Baghdoyan, 1999) and less studied being an intracellular scavenger of hydroxyl- and 
peroxide-radicals (Heine et al., 1995) and hair follicle development (Rouvinen et al., 
1999).  Because of the relationship of Trp to serotonin and melatonin, there have been 
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numerous studies conducted in humans involving oral Trp supplementation as a sleep aid 
(Anderson and Hrboticky, 1986). 
 Henry et al. (1992) reported that brain serotonin and plasma Trp:LNAA were 
positively correlated.  This relationship agrees with previous studies in rats that also 
suggest a positive correlation between Trp:LNAA ratio and its effect on brain serotonin 
content (Fernstrom and Wurtman, 1972; Leathwood, 1987; Yokogoshi et al., 1987). 
 Meunier-Salaün et al. (1991) conducted an experiment with nursery pigs (5.3 kg) 
to study the effect of stress on plasma cortisol and brain 5-hydroxyindoles in pigs fed 
deficient (0.14%), adequate (0.23%), or excess (0.32%) levels of Trp.  Plasma cortisol 
was increased after weaning, which is in contrast to other published data. There was an 
interaction between Trp level and nutritional state on plasma cortisol.   Increasing dietary 
Trp increased plasma cortisol after a 16 hour fast at weaning or 15 days post-weaning, 
but Trp had little effect after a 3 hour fast on day 17 after weaning. This increase in 
cortisol suggests that plasma cortisol is highly variable and affected by age, 
environmental conditions, and blood sampling procedure.  Overall, this experiment 
suggested a lack of a sedative effect of Trp on plasma cortisol.  Interestingly, brain 
concentrations of amino acids other than Trp were higher when the diet was deficient in 
Trp.  The opposite response of brain Trp to other amino acids, namely threonine, to Trp 
supply is similar to that observed by Sève et al. (1991), suggesting that because threonine 
competes with Trp at the blood-brain-barrier, excess dietary threonine may potentially 
lower serotonin concentrations. 
 Sève et al. (1991) also evaluated the impact of dietary Trp on plasma amino acids 
and behavior in young pigs (5.5 kg) using diets deficient (0.14%), adequate (0.23%), or 
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excess (0.32%) in Trp.  Pigs (21 days of age) were fed twice daily for 18 days and were 
bled at both fasted (day 10) and fed (day 12) states.  As expected, plasma Trp and 
Trp:LNAA ratio increased, and plasma urea nitrogen decreased, in the fed state with 
increasing levels of dietary Trp.  In the fasting state, the Trp:LNAA ratio also was 
increased.  Adeola and Ball (1992) conducted an experiment evaluating dietary Trp and 
its effects on neurotransmitters.  Plasma and brain tissue samples were analyzed for Trp 
and the catecholamines that had been previously described as indicators of stress 
(Fernstrom, 1983).  Plasma Trp and brain serotonin were increased in pigs fed Trp 
relative to control pigs.  Brain Trp was not affected by Trp supplementation, but it may 
not have increased due to the increase in serotonin that was observed. 
 Henry et al. (1996) evaluated brain indolamines and catecholamines in pigs (38 
kg) fed 12.7 or 16.7% crude protein diets in combination with deficient (0.12%) or 
adequate (0.16%) Trp.  Supplemental Trp increased serotonin, 5-hydroxyindole acetic 
acid, and total hydroxyindole concentration in all regions of the brain.  With the 
exception of the hippocampus, the 5-hydroxyindole acetic acid:serotonin ratio also was 
increased in pigs supplemented with Trp, which agrees with previous studies that 
evaluated the effect of Trp on brain serotonin (Sève et al., 1991; Henry et al., 1992).  
Generally, concentrations of the indolamines decreased with the addition of protein.  The 
catecholamines were not as affected as the indolamines by Trp supplementation.  These 
results agree with the studies of Meunier-Salaün et al. (1991), Adeola and Ball (1992), 
and Uttecht et al. (1992) in swine, and also that of Denbow et al. (1993) in turkeys, and 
Lee and Britton (1982) in broilers.  
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Behavior 
 Tryptophan has the potential to affect behaviors such as aggression, feed intake, 
and stress through its impact on serotonin synthesis as well as through its impact on 
cortisol release (Rodwell, 1979).  In addition, Trp, may have a non-behavioral impact on 
hair follicle regulation due to it being a precursor to melatonin, which has the potential to 
block the hormone adrenocorticotropin (ACTH; Ryder, 1973; Rose and Sterner, 1992; 
Rose, 1995).  Discussion of hair and fur development in fox (Rouvinen et al., 1999), and 
behavioral responses to Trp supplementation in dogs (DeNapoli et al., 2000), bantams 
(Savory et al., 1999), and equine (Bagshaw et al., 1994) will not be discussed in this 
review, while behaviors such as weaning, stress, and aggression in poultry and swine will 
be discussed. 
A. BROILERS/BROILER BREEDERS: It is well known that animals fed a diet 
adequate in protein are less susceptible to amino acid imbalances than animals fed low 
protein diets (Harper et al., 1970).  Predictably, Rosebrough (1996) reported that at low 
levels of dietary protein (12%), excess Trp decreased feed intake, but it did not affect 
feed intake at higher levels of dietary protein (30%) in male broilers (28 days of age).  
Because serotonin is synthesized from Trp, one also might expect a relationship between 
the consumption of protein and serotonin synthesis.  At the deficient level of dietary 
protein (12%), supplemental Trp greatly increased brain serotonin concentration while, at 
an excess level of dietary protein (30%), supplemental Trp did not affect serotonin 
concentration.  This response suggests that higher levels of Trp may be required to 
change feed intake and neurotransmitter production at high levels of dietary protein 
(Rosebrough, 1996).  However, brain serotonin concentration was increased by 0.17% 
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when supplemental Trp was added to an adequate protein level (21%), but there was little 
effect on feed intake (Rosebrough, 1996). 
 Lack of body weight uniformity can be a problem with broiler breeders as a result 
of increased consumption by dominant birds and decreased consumption of subordinates 
in a competitive feeding situation.  As a result, skip-a-day feeding programs may improve 
body weight uniformity, but they often result in elevated levels of aggression.  Because 
Trp affects serotonin production in broilers, utilization of skip-a-day feeding programs in 
broiler breeders allows the opportunity to test the influence of dietary Trp on modifying 
aggressive behavior (Shea et al., 1990).  Increasing dietary Trp from the basal level 
(0.19% total Trp) significantly decreased aggressive pecking behavior, with 0.38% 
supplemental Trp being as effective as 1.5% supplemental Trp.  From 10 to 20 weeks of 
age, the mean number of pecks per bird per 20-minute period for birds fed 0.19, 0.38, 
0.75, or 1.5% Trp were 0.59, 0.25, 0.32, and 0.10, respectively.  However, threatening 
behavior was not affected by dietary Trp level.  In another study, 1.5% supplemental Trp 
decreased the frequency of aggressive behavior compared with birds fed control diets 
containing 0.19% Trp (Shea-Moore et al., 1996).  Because dominant and subordinate 
animals will differ in their aggressive behavior, it is likely that the response to Trp will be 
dependent on their social status.  Consistent with this logic, a significant interaction was 
found between dominance status and supplemental Trp for aggression, with Trp 
decreasing pecking more in dominant than subordinate birds (Shea et al., 1991).  This 
response is supported by additional experiments at the same location.  Also, the 
modulatory effect of Trp on aggression did not seem to be mediated by increased niacin 
synthesis (Shea-Moore et al., 1996).  In subsequent research, they reported that 
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supplemental Trp resulted in no difference in plasma concentrations of Trp or branched 
chain amino acids, or levels of catecholamines and serotonin, but concentrations of 5-
hydroxytryptophan and 5-hydroxyindole acetic acid were higher in birds fed Trp 
supplemented diets (Shea-Moore and Mench, unpublished).  This response suggests an 
increased rate of serotonin synthesis and degradation in birds fed supplemental Trp.  In 
contrast to the decrease in aggression noted above, these same authors (Mench and Shea-
Moore, 1995) reported that supplemental Trp did not cause drowsiness in chickens, 
which has been observed in various animals. 
B. LAYING HENS: Hysteria in poultry is an occasional but significant economic 
problem for the poultry industry.  Hysteria has been reported in both caged- and floor-
raised hens and results in increased mortality and a dramatic reduction in egg production.  
Laycock and Ball (1990) reported that 0.5% supplemental Trp to an apparently adequate 
diet (18% CP, 0.26% Trp) in a commercial layer breeder flock that was suffering from 
hysteria increased feed consumption and egg production during the six-day feeding 
period.  The incidence of hysteria declined from 5/hour on day 0, to 1/hour on day 6, to 
zero on day 8.  Plasma Trp concentration was increased and hypothalamic concentrations 
of Trp, serotonin and related metabolites were increased after Trp feeding.  Upon 
removal of supplemental Trp, these metabolites subsequently declined while hysteria 
gradually returned.  They concluded that the reduction in hysteria seemed to follow a 
similar trend to the changes in plasma and brain amino acids, and in hypothalamic 
neurotransmitters. 
C. TURKEYS: Similar to other animals, numerous factors affect meat quality in 
turkeys.  Preslaughter excitement results in darker breast meat color, while struggling 
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during slaughter increases the rate of port-mortem glycolysis (decreased muscle pH), and 
consequently the time required for the onset of rigor mortis.  Denbow et al. (1993) tested 
the effect of supplemental Trp two weeks before market on performance, brain 
catecholamine and indolamine concentrations, and meat quality in turkeys.  From 112 to 
129 days of age, turkeys were fed a finisher diet containing 17.9% CP, 0.18% Trp with 
0.1, 0.2, or 0.3% supplemental Trp.  Supplemental Trp did not affect bird performance, 
mortality, or condemnations during transportation.  Although there were minor 
differences in carcass and thigh weights due to Trp supplementation, no differences were 
noted in breast weight or yield.  Dietary Trp supplementation increased brain and plasma 
concentrations of serotonin and 5-hydroxyindole acetic acid in a linear fashion, which is 
in agreement with Lee and Britton (1982).  Because serotonin has been shown to induce 
sleep, it was expected that dietary Trp would decrease struggle during loading and 
processing and thereby increase meat tenderness by modification of muscle pH.  
Although no objective measurements were made of struggle during slaughter, neither 
shear value nor color was affected by Trp supplementation.  Furthermore, breast and 
thigh muscle pH values at 0, 4, and 24 hours after processing were unaffected by dietary 
Trp supplementation.  They concluded that in spite of the increased brain catecholamine 
and indolamine concentrations, bird performance and carcass composition and quality 
were not affected by Trp supplementation. 
D. SWINE: Pigs are very adaptable to their environment, but behavioral type and social 
status may impact how they respond to nutritional stimuli.  To date however, there has 
been limited research conducted in the area of behavior and Trp in swine, and often, 
much of it is inconsistent with expected metabolite changes.  In 1985, McGlone et al. 
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evaluated the effect of 0.5 % Trp on regrouping and heat stress in 8.6-kg pigs.  There 
were four treatments consisting of an intact litter (control), an intact litter fed Trp, 
regrouped pigs not fed Trp, and regrouped pigs fed Trp.  Regrouped pigs fed Trp had 
improved ADG and ADFI during the first seven days of the trial.  Neither regrouping nor 
Trp alone had an effect on growth.  Adeola and Ball (1992) and Adeola et al. (1993) 
reported that concentrations of 5-hydroxytryptophan and serotonin in the hypothalamus 
of stress-susceptible (halothane sensitive) pigs were lower than stress-tolerant pigs, even 
though Trp and 5-hydroxyindole acetic acid concentrations did not differ.  Sève et al. 
(1991) evaluated brain metabolites and behavior (as evaluated by subjective indication of 
grunts, squeals, ambulation, and exploration on day 5, 23, and 45 after weaning) in 
weanling pigs given varied levels (0.14, 0.23, or 0.32%) of dietary Trp.  Brain Trp and 
Trp:LNAA concentrations were increased by dietary Trp, but they were increased 
similarly in emotional and nonemotional pigs.  Behavioral reactivity, as determined by 
the results of an ‘open-field’ test, was not influenced by dietary Trp.  In a companion 
paper, Meunier-Salaün et al. (1991) reported that dietary Trp levels induced large 
variations in brain amino acids and indole concentrations.  Changes in behavioral 
responses were minor.  Pigs fed adequate Trp diets explored their surroundings less than 
pigs fed diets with either deficient or excess Trp levels.  As noted from these studies, 
there has not been enough research conducted with Trp and behavior to suggest that 
supplemental Trp is beneficial in reducing aggression in pigs. 
Requirements 
 A number of experiments have been conducted with dietary Trp supplementation, 
but there have been relatively few experiments that have evaluated the Trp requirements 
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of swine utilizing three or more levels of dietary Trp.  Before discussing and reviewing 
Trp requirements, we must acknowledge some of the factors that may affect these data.  
There is a great deal of variation in amino acid composition and digestibilities in common 
feedstuffs (Table 2.1; NRC, 1998).   
 In addition, amino acid analyses are inherently variable (Fontaine and Eudaimon, 
2000), especially for Trp (Sato et al., 1984).  Another concern might be the fact that 
crystalline Trp or protein-bound Trp is used in requirement studies (Batterham, 1984; 
Piva et al., 1997; Sawadogo et al., 1997).  This, however, may not be a concern in 
requirement studies using ad libitum feeding practices (Partridge et al., 1985; Kerr and 
Easter, 1986; Otto et al., 1990) or in studies utilizing Trp blends (Baker et al., 1996; 
Peisker and Schutte, 1997).  As a result of these potential problems, Trp research and 
literature reviews are difficult at best.  However, it is still important that the NRC (1998) 
provides requirements estimates for Trp (Table 2.2). When combined with estimates for 
dietary Lys, estimates of Trp:Lys ratios also can be calculated and utilized for feed 
formulation (Table 2.2).  
 Despite these experimental methodology concerns, there is no disputing the fact 
that Trp, as an essential amino acid, is required in the diet for optimum growth 
performance.  A deficiency results in poor growth and decreased ADFI (Beeson et al., 
1949; Henry et al., 1992, 1996; Henry, 1995).  Tryptophan is often considered the third 
limiting amino acid in most swine diets and second limiting in diets for finishing pigs 
(Lewis et al., 1979).  In primarily corn diets, Trp may need to be added because of the
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 Table 2.1. Amino acid composition of common feedstuffs (NRC, 1998) 
 Barley Corn Wheat 
Amino Total Digestibility, % Total Digestibility, % Total Digestibility, % 
Acid % App True % App True % App True 
Arg 0.54 78 86 0.37 83 89 0.55 83 88 
Cys 0.28 76 86 0.19 78 86 0.28 84 90 
His 0.25 77 86 0.23 82 87 0.27 84 89 
Ile 0.39 75 84 0.28 79 87 0.44 84 89 
Lys 0.41 68 79 0.26 66 78 0.33 73 81 
Met 0.20 80 86 0.17 86 90 0.20 85 90 
Thr 0.35 66 81 0.29 69 82 0.35 72 84 
Trp 0.11 70 80 0.06 64 84 0.15 81 90 
Val 0.52 73 82 0.39 79 87 0.53 80 86 
 Field Peas Soybean Meal (47.5%) Feather meal 
Amino Total Digestibility, % Total Digestibility, % Total Digestibility, % 
Acid % App True % App True % App True 
Arg 1.87 87 90 3.48 90 94 5.62 81 85 
Cys 0.31 68 79 0.74 79 87 4.13 71 73 
His 0.54 83 89 1.28 86 91 0.93 56 74 
Ile 0.86 79 85 2.16 84 89 3.86 81 88 
Lys 1.50 84 88 3.02 85 90 2.08 54 67 
Met 0.21 78 84 0.67 86 91 0.61 65 74 
Thr 0.78 73 83 1.85 79 87 3.82 74 82 
Trp 0.19 70 81 0.65 81 90 0.54 63 86 
Val 0.98 76 83 2.27 81 88 5.88 80 84 
 
Table 2.2. Tryptophan recommendations (NRC, 1998) 





% % Ratio to Lys % Ratio to Lys 
3 to 5 26.0 0.27 0.22 17.5 0.24 17.9 
5 to 10 23.7 0.24 0.19 17.1 0.22 18.5 
10 to 20 20.9 0.21 0.16 17.0 0.18 17.8 
20 to 50 18.0 0.17 0.13 16.9 0.15 18.1 
50 to 80 15.5 0.14 0.10 16.4 0.12 18.2 
80 to 120 13.2 0.11 0.08 17.0 0.10 19.2 
 
low Trp content in corn.  Other ingredients that are low in Trp include peas, feather meal, 
and gelatin (Figure 1.2).  The inclusion of soybean meal in most growing and finishing 
pig diets make the diet adequate in Trp, because its’ high Trp content and bioavailability 
(Adeola, 1996).  Nevertheless, it is critical to formulate diets with the proper Trp content 













Ile Lys Met Cys Thr Trp Val
SBM Gelatin Peas
 
  Figure 2.1.  Amino acid composition of SBM, gelatin, and peas  
 Tryptophan research in nursery pigs dates back approximately 50 years when 
Beeson et al. (1949) demonstrated a Trp deficiency in 23-kg pigs and Becker (1955) 
estimated the requirement to be 0.15% in 15-kg pigs.  Since then, the requirement has 
varied widely, probably due to the problems addressed above.  An abbreviated review for 
all body weights is shown in Table 2.3.  It is clearly evident that there is an extreme range 
of requirement estimates in pigs less than 40 kg, and a dearth of information above 40 kg. 
With the variation in Trp requirements and Trp:Lys ratio estimates, it is evident that more 
research is needed with respect to the many problematical factors that affect Trp research 
which was previously discussed.    
Meat Quality 
 An additional goal of Trp in nutrition is to determine the effect of dietary Trp on 
carcass quality.  Tryptophan has been shown to increase polyribosomal aggregation and 
protein synthesis in livers of rats and pigs (Lin et al., 1988; Cortamira et al., 1991), but 
feeding crystalline Trp to pigs above their perceived nutritional requirement has not been 
shown to have a stimulatory effect on growth performance or carcass characteristics 
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Table 2.3.  Review of tryptophan requirements 
Reference BW., kg Average BW, kg Trp, %a 
Ball and Bayley, 1984 2.5 2.5 0.20 
Firth and Johnson, 1956 2.5 2.5 0.19 
Pond et al., 1964 5-10 7.5 0.18 
Lewis et al, 1977 5-10 7.5 0.19-0.23 
Sève et al., 1991 5-10 7.5 0.23 
Zimmerman, 1975 5-15 10.0 0.15 
Boomgaardt and Baker, 1973 9.5-11.5 10.5 0.119 
Burgoon et al., 1992 6-16 11.0 0.19 (0.15) 
Leibholz, 1981 6-20 13.0 0.167 
La Rue et al., 1985 6-20 13.0 0.14 
Lougnon, 1984 10-20 15.0 0.17 
Sato et al., 1987 10-20 15.0 0.16 
Chung and Baker, 1992 10-20 15.0 0.18 
Han et al., 1993 10-20 15.0 0.16 (0.14) 
Lenis et al., 1990 10-23 16.5 (0.19) 
Borg et al., 1987 6-22 19.0 0.16 
Schutte et al., 1988 10-35 22.5 (0.23) 
Henry et al., 1986 20-35 27.5 0.16 
Schutte et al., 1995 20-40 30.0 0.21 
Russell et al., 1983 20-40 30.0 0.17 
Batterham and Watson, 1985 20-45 32.5 0.14 
Burgoon et al., 1992 20-50 35.0 0.13 
Lin et al., 1986 35-45 40.0 0.13 
Kiener et al., 1988 25-60 42.5 0.17 
Lenis et al., 1990 35-105 70.0 0.17 
Henry et al., 1992 44-99 71.5 0.13 
Burgoon et al., 1992 55-100 77.5 0.09 
Mohn and Susenbeth, 1994 60-105 82.5 0.16, 0.18 
a Numbers in parentheses represent dTrp values. 
 
 (Ohara et al., 1977; Fremaut and De Schrijver, 1990; Sève et al., 1991; Adeola and Ball, 
1992; Henry and Sève, 1993; Page et al., 1993).  However, because of the metabolic 
relationship between dietary Trp and serotonin, behavior type and serotonin production, 
stress at slaughter and hypothalamic neurotransmitter concentration, and stress at 
slaughter and the production of PSE pork, it has been hypothesized that supplemental Trp 
may help alleviate the negative effects of stress at slaughter on meat quality.  Meat 
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quality, however, is complex because there are many factors that affect meat quality, 
including environment, genetics, and plane of nutrition (Forrest et al., 1975).  In addition 
to these factors, hormones also affect the ‘normal’ growth and processes within muscle.  
One important aspect that directly affects meat quality is stress susceptibility in pigs.  
Stress elicits the release of catecholamines (cortisol, epinephrine, etc.) causing metabolic 
acidosis, which has negative effects on meat quality.  The result of this occurrence in the 
pig before slaughter is that muscles become pale, soft, and exudative (PSE).  The 
mechanism for the incidence of PSE is due to the stress factors not allowing the pig to 
replenish glycogen stores, thus resulting in poor meat quality (Forrest et al., 1975).  As 
previously discussed, Trp may play a role in affecting this response through its role in 
regulation of serotonin.  By increasing levels of Trp, the level of serotonin may increase 
and thus improve meat quality based on the fact that increased serotonin has been shown 
to modulate animal behavior.  The research on the effects of Trp on meat quality reported 
thus far has given varied results, and only a few studies have evaluated supplemental Trp 
and its effect on meat quality (pH, color, and water holding capacity) and carcass 
characteristics (length, loin muscle area, and fat depth). 
 Adeola and Ball (1992) evaluated the use of supplemental Trp in finishing pigs 
(92 kg) on stress responses and the reduction of PSE pork.  Pigs received a corn-barley-
SBM diet supplemented with 5 g/kg Trp five days before slaughter.  Tryptophan 
supplementation had little effect on muscle and fat depth, but there was a lower incidence 
of PSE pork in pigs fed excess Trp than in pigs fed the control diet (27 versus 33%).  The 
pH, color, and structure of the loins and hams were similar regardless of diet fed.  Henry 
et al. (1992) fed 44- to 90-kg pigs a corn-SBM-corn gluten meal-based diet containing 
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deficient (0.09%) or adequate (0.13 %) levels of Trp in combination with three levels of 
protein (12.5, 15.7, or 16.2%).  Growth performance was decreased in pigs fed the Trp-
deficient diet and females fed the deficient diet had higher initial pH levels in the ham 
and loin. Although there were minimal effects on carcass characteristics, females 
responded more to Trp deficiency than males, which agrees with the research conducted 
by Henry and Sève (1993) and Henry et al. (1996). 
Combined, these reports indicate that supplemental Trp has little benefit in 
improving meat quality or carcass characteristics.  Increased levels of Trp before 
slaughter may improve meat quality by reducing stress immediately before slaughter and 
allowing the glycogen stores to remain high.  However, higher levels of dietary Trp may 
be necessary to induce the sedative effect that is needed for improved meat quality.  More 
research is needed to elucidate the effects of Trp on meat quality and carcass 
characteristics in finishing pigs before any definite conclusions can be drawn. 
 The requirements and effects of Trp vary widely indicating that there is room for 
more research in many aspects of Trp metabolism and the effects on behavior, 
physiology, and carcass characteristics in nursery, growing, and finishing pigs.
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CHAPTER 3 
THE TRYPTOPHAN REQUIREMENT OF NURSERY PIGS 
Introduction 
Tryptophan is an essential dietary amino acid that is equally second or third 
limiting in typical diets for pigs.  In diets consisting primarily of corn, it is the first 
limiting amino acid because of the low Trp content and availability in corn (Baker et al., 
1969).  The Trp content in the diet is important for optimal growth performance, and 
reliable requirement estimates are imperative when formulating diets based on the ideal 
protein concept.  The Trp requirement of nursery pigs has been studied with results 
varying from study to study.  Protein levels, various feedstuffs, and Trp digestibility of 
the feedstuffs may be reasons for this variation.  Most of the research conducted thus far 
has estimated the total Trp requirement.  Review of published research indicates that the 
Trp requirements for 5 to 20-kg nursery pigs range from 0.14 to 0.25% total Trp. 
Burgoon et al. (1992) and Schutte et al. (1995) were among the first to estimate the true 
digestible Trp (dTrp) requirement of young pigs.  Recent research has estimated dTrp 
requirements because this estimation may be more accurate because of the variation in 
digestibility of Trp in feedstuffs.  
Although there have been no estimates of the dTrp requirement of nursery pigs 
that segregate pigs into Phase I, II, and III, which is typical of current feeding systems, 
the NRC (1998) provides recommendations for the requirement for Trp based on a 
summary of work from various scientists.  The estimates for pigs weighing 3 to 5 kg, 5 to 
10 kg, and 10 to 20 kg are 0.24, 0.22, and 0.18% dTrp, respectively (NRC, 1998).  With 
the lack of empirical data, there is need for accurate Trp requirement estimates to 
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optimize growth performance through diet formulation.  The objective of this research 
was to estimate the dTrp requirement of nursery pigs immediately after weaning (Phase 
I), of pigs from 7 to 21 d post-weaning (Phase II), and of pigs from 21 to 35 d post-
weaning (Phase III). 
Materials and Methods 
General 
 The experiments were approved by the University Animal Care and Use 
Committee.   
Five experiments were conducted to estimate the dTrp requirement of nursery 
pigs.  Yorkshire, Yorkshire X Landrace, or Yorkshire X Landrace X Duroc pigs from the 
Louisiana State University Agricultural Center Swine Unit were used in each experiment.  
They were housed in an environmentally controlled modular building with under-floor 
flush and hard plastic slotted floors.  Pigs and their environment were monitored twice 
daily.  Feed and water were provided on an ad libitum basis throughout the experiments.  
Pigs in each experiment were allotted to treatments on the basis of weight, and gender 
and ancestry were equalized across treatments in a randomized complete block design.  
Pens contained an approximately equal number of barrows and gilts.   
The diets in all experiments met or exceeded the nutrient requirements (with the 
exception of Trp for experimental purposes) of nursery pigs (NRC, 1998).  Amino acids 
were provided at a minimum of 105% the ratio relative to Lys (NRC, 1998).  The Phase I, 
II, and III diets contained 1.35, 1.19, or 1.01% true digestible Lys.  We will refer to Phase 
I diets as those fed immediately after weaning, Phase II diets as those fed from 7 to 21 d 
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post-weaning, and Phase III diets as those fed from 21 to 35 d post-weaning.  We also 
will refer to Phase I, II, and III pigs as those pigs fed Phase I, II, and III diets. 
In Exp.1, diet formulations using corn, soybean meal (SBM), corn gluten meal, 
and feather meal were based on the amino acid values and true ileal digestibility 
coefficients in NRC (1998).  Amino acid values and true digestibility coefficients for 
Canadian field peas (CFP) and oatmeal were obtained by using the NRC (1998) values 
for pea seeds and oat groats, respectively.  Amino acid values and apparent digestibility 
coefficients for spray dried porcine plasma were obtained by using the NRC (1998) 
values for spray dried blood plasma.  Gelatin was analyzed for amino acids (Table 3.1) 
and all amino acids were assumed to have a true digestibility coefficient of 95%. 
In Exp. 2, 3, 4, and 5, all ingredients were analyzed for amino acids and true 
digestibility coefficients (except for spray dried porcine plasma) from NRC (1998) were 
used.  Apparent ileal digestibility coefficients were used for spray dried porcine plasma 
(NRC, 1998), and a digestibility coefficient of 95% was used for gelatin.   The amino 
acid composition of the ingredients (Table 3.1) was determined after acid hydrolysis 
(AOAC, 1990).  Total sulfur amino acid content was determined after performic acid 
oxidation followed by acid hydrolysis (AOAC, 1990).  Tryptophan content was 
determined after alkaline hydrolysis (AOAC, 1990).  
Experiment 1 
The purpose of this experiment was to evaluate Trp-deficient diets containing 
various protein sources that, when supplemented with crystalline L-Trp, would result in 
growth performance similar to that of a positive control diet.  The diet with optimal 
results would be used in subsequent requirement studies.  One-hundred-sixty nursery pigs 
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were allotted to seven dietary treatments: 1) positive control (PC), 2) oatmeal, 3) spray 
dried porcine plasma, 4) gelatin, 5) corn gluten meal, 6) CFP, or 7) feather meal as  
Table 3.1. Analyzed amino acid composition (%) of ingredientsa 
    Ingredient     
Nutrient Cornb Cornc CFP CGM FM SDPP Gelatind Whey 
Arg 0.40 0.43 1.66 2.02 3.73 4.43 7.79 0.22 
His 0.21 0.23 0.47 1.23 1.50 2.62 0.81 0.16 
Ile 0.27 0.26 0.87 2.37 2.43 2.87 1.09 0.70 
Leu 0.95 0.96 1.49 10.40 4.36 7.80 2.59 1.18 
Lys 0.26 0.25 1.51 1.09 4.61 6.89 3.69 0.73 
Met 0.18 0.16 0.20 1.64 1.72 0.73 0.95 0.17 
Cys 0.19 0.18 0.32 1.26 0.55 2.56 0.16 0.27 
Phe 0.39 0.38 0.97 3.98 2.36 4.44 1.86 0.33 
Tyr 0.25 0.25 0.62 3.28 1.86 4.16 0.68 0.30 
Thr 0.29 0.28 0.77 2.17 2.49 4.60 1.67 0.73 
Trp 0.06 0.06 0.16 0.38 0.71 1.43 0.04 0.21 
Val 0.39 0.40 0.91 2.90 2.98 5.10 2.26 0.58 
a CFP= Canadian field peas; CGM= corn gluten meal; FM= feather meal, SDPP= spray dried porcine 
plasma. 
b Corn used for Exp. 3. 
c Corn was used for Exp. 2, 4, and 5. 
d Gelatin used in Exp. 1. 
 
The pigs were weaned at an average age of 21 d, and they were fed a Phase I diet for 7 d 
before the experiment was initiated. This Phase I diet was formulated to provide 1.6% 
total Lys and 0.31% total Trp, and it contained 38% corn, 21% SBM, 15% whey, 5% 
lactose, 5% spray dried porcine plasma, 8% fish meal, 3,000 ppm Zn as ZnO and an 
antibiotic, and it was fortified with vitamins and minerals to exceed the nutrient 
requirements of 3- to 5-kg pigs (NRC, 1998).  The average initial and final BW were 8.4 
and 11.4 kg.  Each treatment was replicated with four pens of five pigs each.  The diets 
were pelleted and fed for 8 d.  Response variables included ADG, ADFI, and gain:feed.  
Experiment 2 
A preliminary experiment was conducted with 75 pigs weighing 13.2 to 19.2-kg 
(Phase III) to ensure that a CFP Trp-deficient (0.14%) diet, when supplemented with 
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crystalline L-Trp, would result in growth performance similar to a conventional corn-
SBM diet.  Pigs were weaned at 21 d of age, and they were fed a Phase I diet for 7 d and 
a Phase II diet for 14 d before the experiment was initiated. The Phase I diet was the 
same conventional diet used in Exp. 1. The Phase II diet was formulated to provide 1.5% 
total Lys and 0.29% total Trp, and it contained 46% corn, 29% SBM, 10% whey, 8% fish 
meal, 3,000 ppm Zn as ZnO, and an antibiotic, and it was fortified with vitamins and 
minerals to exceed the nutrient requirements of 5- to 10-kg pigs (NRC, 1998). Pigs were 
allotted to three dietary treatments derived from the Phase III basal diet described in 
Table 3.3 and a ‘typical’ positive control.  Each treatment was replicated with five pens 
of six pigs each.  Treatments consisted of: 1) CFP negative control (NC), 2) NC + Trp, or 
3) corn-SBM positive control (PC).   The experimental diets were fed for 13 d in meal 
form.  Response variables included ADG, ADFI, and gain:feed.   
Experiment 3 
 One-hundred-eighty pigs (weaned at 19 d of age) were allotted to six dietary 
treatments derived from the Phase I basal diet described in Table 3.3.  Pigs had an initial 
and final BW of 5.2 and 7.3 kg.  Each treatment was replicated with five pens of six pigs 
each.  Diets were supplemented with crystalline L-Trp at increments of 0.03% to give six 
treatments containing 0.14, 0.17, 0.20, 0.23, 0.26, or 0.29% dTrp.  The experimental diets 
were fed in meal form for 13 d.  Response variables were ADG, ADFI, gain:feed, and 
plasma urea N (PUN) concentrations. 
Experiment 4 
One-hundred-twenty pigs were allotted to six dietary treatments derived from the 
Phase II basal diet described in Table 3.3.  The pigs were weaned at 19 d of age and were 
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fed the same Phase I diet used in Exp. 1 for 7 d before the experiment was initiated.  Pigs 
had an initial and final BW of 6.3 and 10.2 kg.  Each treatment was replicated with four 
pens of five pigs each.  Diets were supplemented with crystalline L-Trp at 0.03% 
increments to give six treatments containing 0.13, 0.16, 0.19, 0.22, 0.25, or 0.28% dTrp. 
The experimental diets were fed in meal form for 14 d.  Response variables were ADG, 
ADFI, gain:feed, and PUN concentrations. 
Experiment 5 
 One-hundred-forty-four pigs were allotted to six dietary treatments derived from 
the Phase III basal diet described in Table 3.3.  The pigs were weaned at 21 d of age and 
were fed the same Phase I and II diets used in Exp. 2 for 7 and 14 d, respectively, before 
the experiment was initiated. Pigs had an initial and final BW of 10.3 and 15.7 kg.  Each 
treatment was replicated with four pens of six pigs per replicate.  Diets were 
supplemented with crystalline L-Trp at 0.025% increments to give six treatments 
containing 0.130, 0.155, 0.180, 0.205, 0.230, or 0.255% dTrp.  The experimental diets 
were fed in meal form for 14 d.  Response variables were ADG, ADFI, gain:feed, and 
PUN concentrations. 
Blood Sampling 
At the termination of Exp. 3, 4, and 5, blood was collected via the anterior vena 
cava.  Pigs had access to feed before bleeding.  Blood for each pig was placed in 7-mL 
tubes (Monoject®, Sherwood Medical, St. Louis, MO) containing 17.5 mg of sodium 
fluoride and 14.0 mg of potassium oxalate.  Samples were placed on ice for 2 h before 
centrifugation at 1,500 x g at 4 oC for 20 min.  Plasma was collected after centrifugation 
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and samples were frozen until analysis.  Plasma was analyzed for PUN concentrations by 
the methods of Laborde et al. (1995).  
Statistical Analysis 
 In each experiment, data were analyzed by ANOVA as a random complete block 
design using the GLM procedures of SAS (SAS Inst. Inc., Cary, NC).  In Exp. 1 and 2, 
the PDIFF procedure of SAS was used to determine differences among treatment means. 
In Exp. 3, 4, and 5, contrasts were used to determine linear and quadratic effects of Trp.  
The two-slope, broken-line regression model was used for all response variables to obtain 
an estimate of the dTrp requirement (Robbins, 1986).  The pen of pigs served as the 
experimental unit for all data. 
Results 
Experiment 1(8.4- to 11.4-kg pigs) 
Pigs fed the diet containing CFP had ADG, ADFI, and gain:feed similar (P  > 0.10) to 
those fed the conventional corn-SBM diet (Table 3.4).  Pigs fed diets containing oatmeal, 
spray dried porcine plasma, or feather meal as protein sources had reduced (P  < 0.10) 
ADG and ADFI, whereas a gelatin-based diet tended to decrease (P  = 0.11) gain:feed.  
Results from this study suggest that CFP are a quality protein source for nursery pigs.  
This experiment served as a preliminary study to evaluate various protein sources. 
Experiment 2 (13.2- to 19.2-kg pigs) 
 Pigs fed the CFP-diet supplemented with crystalline L-Trp had growth 
performance similar (P  > 0.10) to those fed the PC diet (Table 3.5).  Pigs fed the CFP 
without L-Trp supplementation had consistently reduced (P  < 0.01) ADG, ADFI, and 
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Table 3.2. Composition of experimental diets on an as fed basis, Exp. 1 
Ingredient, % PCa Oatmeal SDPPb Gelatinc CGMd CFPe      FMf 
Corn 47.14 47.87 61.26 45.10 54.29 36.92 63.04 
Soybean meal (47.5%)      30.08 - - - 1.30 - - 
Oatmeal - 8.43 - - - - - 
Spray dried porcine plasmab- - 1.50 - - - - 
Gelatinc - - - 5.00 - - - 
Canadian field peas - - - - - 30.00 - 
Feather meal - - - - - - 10.82 
Fish meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
Corn gluten meal 1.12 22.38 14.21 28.45 23.14 8.97 - 
Dried whey 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
Monocalcium phosphate 1.10 1.47 1.51 1.55 1.49 1.51 1.65 
Limestone 0.74 0.82 0.82 0.74 0.81 0.76 0.69 
Fatg 1.78 - 1.37 0.46 - 2.73 4.55 
Sodium bentoniteh 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Vitamin premixi 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Mineral premixj 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
Se premixk 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
ZMC-Fel 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
ZnO 0.42 0.42 0.42 0.42 0.42 0.42 0.42 
Antibioticm 0.75 0.75 0.75 0.75 0.75 0.75 0.75 
Choline chloride 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Flavorn 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
L-Trp - 0.15 0.15 0.15 0.15 0.15 0.15 
L-Lys HCl - 0.75 0.74 0.51 0.72 0.45 0.79 
L-Ile - - 0.05 - - 0.03 0.01 
L-Thr - 0.08 0.17 - 0.06 0.18 0.13 
DL-Met - - 0.06 - - 0.13 - 
L-Val - - 0.11 - - 0.13 - 
L-His - - 0.01 - - - 0.13 
Calculated nutrient composition, % 
ME, kcal/kg 3,300  3,300 3,300 3,300  3,300 3,300 3,300 
t Lys 1.33 1.30 1.29 1.31 1.30 1.31 1.33 
t Trp 0.30 0.32 0.31 0.32 0.32 0.32 0.30 
t Thr 0.91 0.92 0.89 1.00 0.92 0.90 0.92 
t Ile 0.99 0.92 0.79 1.07 0.93 0.80 0.78 
t Val 1.12 1.07 1.02 1.29 1.09 1.02 1.08 
t TSAA 0.83 0.94 0.85 1.10 0.97 0.80 0.72 
d Lyso 1.19 1.19 1.19 1.19 1.19 1.19 1.19 
d Trp 0.26 0.28 0.28 0.28 0.28 0.28 0.28 
d Thr  0.78 0.78 0.78 0.85 0.78 0.78 0.78 
d Ile 0.88 0.79 0.69 0.92 0.80 0.69 0.69 
d Val 0.98 0.89 0.88 1.07 0.91 0.88 0.93 
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d Phe+Tyr 1.70 1.98 1.58 2.37 2.03 1.43 1.20 
d Leu 1.77 2.78 2.18 3.36 2.87 1.81 1.45 
d His 0.55 0.44 0.40 0.52 0.46 0.41 0.40 
d Arg 1.40 0.81 0.66 1.21 0.83 0.98 0.94 
d TSAA 0.73 0.82 0.71 0.96 0.84   0.71 0.72 
Ca 0.90 0.90 0.90 0.90 0.90 0.90 0.90 
P 0.80 0.80 0.80 0.80 0.80 0.80 0.80 
a Positive control. 
b AP 920, American Protein Corporation, Ames, IA 30041. 
c  Dynagel, Columet City, IL 60409. 
d Corn gluten meal. 
e Canadian field peas. 
f Feather meal. 
g  Provided 99% crude fat, Fat Pak 100, Milk Specialties Co., Dundee, IL 60118. 
h AB-20 , provided by Prince Agri Products, Inc., Quincy, IL 62306. 
i Provided the following per kilogram of diet: vitamin A, 11,023 IU; vitamin D3, 3,307 IU; vitamin E, 88 
IU; menadione (menadione pyrimidinol bisulfite) 8.3 mg; riboflavin, 13 mg; pantothenic acid, 50 mg; 
niacin, 88 mg; vitamin B12, 61 µg; biotin, 441 µg; choline (as choline chloride), 882 mg; folic acid, 3.3 mg, 
pyridoxine, 4.41mg; thiamin, 4.41 mg; and vitamin C, 110 µg.  
j Provided the following per kilogram of diet: Zn (zinc sulfate), 127 mg; Fe (ferrous sulfate monohydrate), 
127 mg; Mn (manganous sulfate), 20 mg; Cu (copper sulfate), 12.7 mg; I (calcium iodate), 0.80 mg. 
k Provided 0.3 mg Se per kilogram of diet as sodium selenite.  
l Provided the following per kilogram of diet: Zn, 40 mg; Mn, 7.5 mg; Cu, 6 mg; Fe, 25 mg, Optimin Baby 
Pig, DuCoa, Highland, IL  62249. 
m Neo-Terra 10/10, Oxytetracycline (from oxytetracycline quaternary salt) equivalent to oxytetracycline 
hydrochloride 22g/kg, Nutra Blend Corporation, Neosho, MO 64850. 
n Dried strawberry, Feed Flavors, Inc., Wheeling, IL 60090. 
o The digestible amino acid levels were estimated by using the true digestibility coefficients in NRC (1998). 
 
 
gain:feed compared with pigs fed the CFP + Trp or the PC diet.  This experiment 
validated the Trp-deficient CFP diet, and this diet was used in subsequent Trp-
requirement studies.  
Experiment 3 (5.2- to 7.3-kg pigs) 
 Overall ADG, ADFI, and gain:feed were increased linearly (P  < 0.01) and 
quadratically (P  < 0.04) as the dTrp content increased from 0.14 to 0.29% in Phase I pigs  
(Table 3.6).  Broken-line analysis estimated the optimum dTrp requirement to be 0.208 
and 0.217% for ADG and gain:feed during Week 1 of the experiment.  Overall, estimates 
of dTrp requirement were 0.215, 0.210, and 0.182% for ADG, gain:feed, and PUN  
Table cont. 
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Table 3.3.  Composition of experimental diets on an as fed basis, Exp. 2, 3, 4, and 5 
 
Ingredient Phase I Phase II Phase III 
Corn  43.27       34.60 41.89 
Canadian field peas          7.00  33.72 29.20 
Dried whey 15.00    10.00   5.00 
Fish meal     3.50  5.00   5.00 
Corn gluten meal  7.95    6.76   13.06 
Spray dried  
porcine plasmaa  3.50    -   -  
Lactose  9.38    -   -  
Monocalcium phosphate  1.63    1.51   1.06  
Limestone  0.88    0.75   0.77 
Fatb  2.72    3.12   0.78 
Salt  0.25    0.50   0.50 
Vitamin premixc  0.50    0.50   0.50 
Mineral premixd  0.10    0.10   0.10 
Se premixe  0.05    0.05   0.05 
Sodium bentonitef  0.50    0.50   0.50 
ZMC-Feg  0.10    0.10   - 
ZnO  0.42    0.42   - 
Antibiotich  0.75    0.75   0.75 
L-Lys HCl  0.81    0.42   0.22 
Choline chloride  0.05    0.05   - 
Flavori  0.08    0.08   0.08 
DL-Met  0.22    0.17   - 
L-Thr  0.28    0.20   0.06 
L-Val  0.25    0.16   - 
L-Ile  0.20    0.05   - 
L-His  0.11   -    - 
Cornstarch  0.50    0.50   0.50 
Calculated nutrient composition, %j 
ME, kcal/kg 3,300 3,300     3,300 
t Lys 1.46 (1.40)  1.31 (1.27)   1.13 (1.11) 
t Trp 0.17 (0.19)  0.16 (0.17)   0.17 (0.15) 
t Thr 0.10 (0.93)  0.89 (0.87)   0.84 (0.82) 
t Ile 0.86 (0.82)  0.79 (0.76)   0.85 (0.81) 
t Val 1.08 (1.04)  1.02 (1.01)   0.99 (0.97) 
t TSAA 0.87 (0.82)  0.80 (0.76)   0.78 (0.74) 
d Lysk 1.35  1.19    1.01 
d Trp 0.14  0.13    0.13 
d Thr 0.88  0.78    0.72 
d Ile 0.77  0.69    0.73 
d Val 0.96  0.88    0.83 
d Phe+Tyr 1.32  1.33    1.67 
d Leu 1.72  1.64    2.16 
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d His 0.45  0.40    0.45 
d Arg 0.68  1.00    1.05 
d TSAA 0.80  0.71    0.67 
Ca  0.90  0.90    0.80 
P 0.80  0.80    0.70 
 
a AP 920, American Protein Corporation, Ames, IA 30041. 
b  Provided 99% crude fat, Fat Pak 100, Milk Specialties Co., Dundee, IL 60118. 
c Provided the following per kilogram of diet: vitamin A, 11,023 IU; vitamin D3, 3,307 IU; vitamin E, 88 
IU; menadione (menadione pyrimidinol bisulfite) 8.3 mg; riboflavin, 13 mg; pantothenic acid, 50 mg; 
niacin, 88 mg; vitamin B12, 61 µg; biotin, 441 µg; choline (as choline chloride), 882 mg; folic acid, 3.3 mg, 
pyridoxine, 4.41mg; thiamin, 4.41 mg; and vitamin C, 110 µg.  
d Provided the following per kilogram of diet: Zn (zinc sulfate), 127 mg; Fe (ferrous sulfate monohydrate), 
127 mg; Mn (manganous sulfate), 20 mg; Cu (copper sulfate), 12.7 mg; I (calcium iodate), 0.80 mg. 
e Provided 0.3 mg Se per kilogram of diet as sodium selenite. 
f  AB-20 , provided by Prince Agri Products, Inc., Quincy, IL 62306. 
g Provided the following per kilogram of diet: Zn, 40 mg; Mn, 7.5 mg; Cu, 6 mg; Fe, 25 mg, Optimin Baby 
Pig, DuCoa, Highland, IL  62249. 
h Neo-Terra 10/10, Oxytetracycline (from oxytetracycline quaternary salt) equivalent to oxytetracycline 
hydrochloride 22g/kg,Nutra Blend Corporation, Neosho, MO 64850. 
i Dried strawberry, Feed Flavors, Inc., Wheeling, IL 60090. 
j Analyzed values are shown in parentheses. 
k The digestible amino acid levels were estimated by using the true digestibility coefficients in NRC (1998). 
 
Table 3.4. Growth performance of phase II pigs fed various protein sources, Exp. 1a 
Diet  ADG ADFI Gain:feed 
Positive Control 434 490 884   
Oatmeal  340 421 812 
Spray dried porcine plasmab 312 395 786  
Gelatin  374 478 785 
Corn gluten meal 403 483 823 
Canadian field peas 448 498 900 
Feather meal 335 412 819 
 
Pooled SEM 32 27 41 
 
Positive Control vs other dietsc   P > F 
 
Oatmeal  0.06 0.09 NS 
SDPP  0.02 0.03 0.12 
Gelatin   NS NS 0.11 
Corn gluten meal  NS NS NS  
Canadian field peas  NS NS NS 
Feather meal  0.05 0.06 NS  
 
a Data are means of four replicates of five pigs each.  Average initial and final BW were 8.4 and 11.4 kg, 
respectively.  Average age of pigs was 21 d at weaning.  The experimental period was 8 d.  
b AP 920, American Protein Corporation, Ames, IA 30041. 
c NS= not significant, P  > 0.12. 
Table cont. 
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concentrations, respectively.  The average of these values yields an estimate of 0.21% 
dTrp (0.24% total Trp) for optimum growth performance of Phase I pigs weighing 5.2 to 
7.3 kg. 
Experiment 4 (6.3- to 10.2-kg pigs) 
 Overall ADG, ADFI, and gain:feed were increased linearly (P  < 0.01) and 
quadratically (P <  0.08) as the dTrp content increased from 0.13 to 0.28% in Phase II 
pigs (Table 3.7).  Broken-line analysis estimated the optimum dTrp requirement to be 
0.184, 0.179, 0.207, and 0.215% for overall ADG, ADFI, gain:feed, and PUN 
concentrations, respectively.  The average of these values yields an estimate of 0.20% 
dTrp (0.23% total Trp) for optimum growth of Phase II pigs weighing 6.3 to 10.2 kg.  
Experiment 5 (10.3- to 15.7-kg pigs) 
 Overall ADG, ADFI, and gain:feed were increased linearly (P  < 0.03) and 
quadratically (P  < 0.01) as the dTrp content increased from 0.13 to 0.255% in Phase III 
pigs (Table 3.8).  Broken-line analysis estimated the optimum dTrp requirement to be 
0.18, 0.18, 0.181, and 0.168% for overall ADG, ADFI, gain:feed, and PUN 
concentrations, respectively.  The average of these values yields an estimate of 0.18% 
dTrp (0.22% total Trp) for optimum growth of Phase III pigs weighing 10.3 to 15.7 kg. 
Discussion 
The purpose of Exp. 1 was to compare various protein sources to a positive 
control diet.  This experiment was conducted after three previous attempts to develop a 
gelatin-based Trp-deficient diet failed (Table 3.9).  In all three experiments, the gelatin- 
based diet, when supplemented with L-Trp, failed to give growth performance equal to a 
positive control.  A subsequent experiment with chickens fed protein-deficient or protein-
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Table 3.5. Growth performance of phase III pigs fed a positive control diet or a diet 
deficient in Trp or this diet supplemented with Trp, Exp. 2a 
   Positive Pooled 
Diet CFPb CFP+Trp control SEM P > F 
ADG, g 
d 0-7   161c 525d 539d  20 0.01 
d 7-13  318c 665d  668d  24 0.01 
d 0 -13  233c 589d  599d  19 0.01 
 
ADFI, g 
d 0-7   522c 794d 857d  32 0.01 
d 7-13  649c 1,036d  1,123d  48 0.01 
d 0-13  581c 906d  980d  36 0.01 
 
Gain:feed, kg 
d 0-7  0.31c 0.63d  0.64d  0.03 0.01 
d 7-13  0.49c 0.65d  0.60e  0.02 0.10 
d 0-13  0.40c 0.63d  0.61d  0.02 0.01 
 
a Data are means of five replicates of five pigs each.  Average initial and final BW were 13.2 and 19.2 kg, 
respectively.  Average age of pigs was 21 d at weaning.  
b Canadian field peas. 
cde Means within a row with different superscripts differ by the P  value shown.
 
adequate diets was conducted to evaluate the gelatin.  Daily gain, ADFI, and gain:feed 
were decreased in chickens fed gelatin regardless of the protein adequacy of the diet 
(Table 3.10).  Thus, from these preliminary experiments, we concluded that the gelatin 
we were using did not result in optimum growth performance when added to diets 
formulated to be nutritionally adequate in all nutrients.   Gelatin previously has been used 
as a protein source in Trp requirement studies.  However, these researchers did not 
compare the gelatin-based diet to a conventional diet to validate it as a suitable Trp-
deficient diet (Boomgaardt and Baker, 1973; Zimmerman, 1975; Leibholz, 1981).   
There has been a lot of variation in Trp requirements for young pigs.  This variation may 
be dependent on many factors apart from the diet itself.  These factors include 
environment, genetics, and weight and age of the pig.  Although estimating the
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Table 3.6. Growth performance of phase I pigs fed graded levels of Trp, Exp. 3a 
   Digestible tryptophan     P > Fb 
Diet  0.14% 0.17%  0.20% 0.23% 0.26% 0.29% SEM Lin  Quad 
ADG, g 
d 0-8 79 117 151 155 138 134 17 0.04  0.02  
d 8-13 127 218 221  268 281 251 16 0.01  0.01 
d 0-13 98 156 178 198 193 179 12 0.01  0.01  
ADFI, g 
d 0-8 185 232 227 235 241 233 20 NS   NS  
d 8-13 286 352 389                430 440 431 15 0.01  0.01 
d 0-13 224 279 289 310 318 309 15 0.01  0.04 
Gain:feed, kg  
d 0-8 0.43 0.49 0.66 0.65 0.57 0.58 0.04 0.02  0.01  
d 8-13 0.44 0.63 0.57 0.62 0.64 0.59 0.05 0.07  0.06 
d 0-13 0.44 0.56 0.62 0.64 0.61 0.58 0.03 0.01  0.01 
Plasma urea N, mmol/L   
d 13 2.72 1.13 0.57 0.60 0.64 0.49 0.10 0.01  0.01 
a Data are means of five replicates of six pigs each.  Average initial and final BW were 5.2 and 7.3 kg.  Average age of pigs was 19 d 
at weaning.  
b NS= not significant, P  > 0.10. 
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Table 3.7. Growth performance of phase II pigs fed graded levels of Trp, Exp. 4a 
   Digestible tryptophan     P > Fb 
Diet  0.13%  0.16%  0.19% 0.22%  0.25% 0.28%  SEM Lin   Quad 
ADG, g 
d 0-7 88 206 279 294 280 271 20  0.01 0.01  
d 7-14 183 280 372  359 349 368  28  0.01  0.03 
d 0-14 136 243 326 327 315 320  19  0.01  0.01  
ADFI, g  
d 0-7 284 423 452 426 379 387  31  NS  0.01  
d 7-14 371 499 646                 593 604 599  30  0.01  0.01 
d 0-14 327 461 549 510 491 493  21  0.01  0.01  
Gain:feed, kg  
d 0-7 0.33 0.50 0.62 0.68 0.74  0.71  0.05 0.01 0.03  
d 7-14 0.50 0.57 0.57 0.63 0.58  0.62  0.05 NS NS  
d 0-14 0.42 0.53 0.59 0.65 0.64  0.65  0.03 0.01 0.08  
Plasma urea N, mmol/L   
d 14 3.72 3.19 2.94 2.63 2.68  2.97  0.25 0.02 0.05 
a Data are means of four replicates of five pigs each.  Average initial and final BW were 6.3 and 10.2 kg.  Average age of pigs was 19 
d at weaning. 
b NS= not significant, P > 0.10. 
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Table 3.8. Growth performance of phase III pigs fed graded levels of Trp, Exp. 5a 
   Digestible tryptophan    P > Fb 
Diet  0.130%  0.155%  0.180%  0.205%  0.230%  0.255%  SEM Lin Quad 
ADG, g 
d 0-7 202 259 416 445   537   381  44   0.01 0.01 
d 7-14 254 404  522  400   316   475  56   NS  NS 
d 0-14 228 331 469 423   427   428  23   0.01 0.01 
ADFI, g 
d 0-7 510 556 668 709   844   748  23   0.01  0.02 
d 7-14 553 727 877 778   718   917  43   0.01 0.09 
d 0-14 532 640 772 743   781   832  24   0.01 0.01 
Gain:feed, kg  
d 0-7 0.40 0.46 0.64 0.63   0.63   0.50  0.06   0.08  0.02 
d 7-14 0.46 0.55 0.60 0.51   0.43   0.52  0.06   NS  NS 
d 0-14 0.43 0.51 0.61 0.57   0.55   0.51  0.02   0.03 0.01 
Plasma urea N, mmol/L   
d 14 3.75 2.74 2.33 2.41   2.60   2.77  0.11   0.01 0.01 
a Data are means of four replicates of six pigs each.  Average initial and final BW were 10.3 and 15.7 kg.  Average age of pigs was 21 
d at weaning.  
b NS= not significant, P  > 0.10.
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Table 3.9. Growth performance of pigs fed a gelatin-based tryptophan-deficient diet, the 
deficient diet with supplemental L-Trp, and a positive control diet 
 Negative NC + Positive Pooled 
Diet control Trp control SEM P > F 
ADG, g (d 0-14) 
Preliminary Exp. 1a 8d 342e 444f 22 0.01 
Preliminary Exp. 2b 17d 301e 342f  12 0.05 
Preliminary Exp. 3c  70d 397e 482f  22 0.03 
 
ADFI, g (d 0-14) 
Preliminary Exp. 1  290d 605e 763f 33 0.01 
Preliminary Exp. 2  170d 444e 505f  14 0.02 
Preliminary Exp. 3  337d 697e 772e  38 0.01 
 
Gain:feed, kg (d 0-14) 
Preliminary Exp. 1    0.03d 0.57e  0.58e  0.03 0.01 
Preliminary Exp. 2    0.06d 0.68e  0.68e  0.06 0.01 
Preliminary Exp. 3  0.20d 0.57e  0.63f  0.02 0.05 
 
Plasma urea N (d 14) 
Preliminary Exp. 1  4.95d 4.28d  2.47e 0.33 0.01 
Preliminary Exp. 2  5.71d 4.36de  3.32e 0.45 0.07 
a Data are means of six replicates of five pigs each.  Average initial and final BW were 10.8 and 15.6 kg.  
Average age of pigs was 21 d at weaning.  Diet was similar to Phase III diet in Table 3.2 with the exception 
of no corn gluten meal, 68% corn, 16% gelatin, and 2.5% whey.  Minor changes were made in some of the 
other ingredients. 
b Data are means of six replicates of four pigs each.  Average initial and final BW were 7.0 and 10.1 kg.  
Average age of pigs was 23 d at weaning.  Diet was similar to Phase II diet in Table 3.3 with the exception 
of 48% corn, 17% gelatin, 3% soybean meal and 5% corn gluten meal.  Minor changes were made in some 
of the other ingredients.   
c Data are means of six replicates of four pigs each.  Average initial and final BW were 9.6 and 14.0 kg.  
Average age of pigs was 21d at weaning.  Diet was similar to Phase III diet in Table 3.3 with the exception 
of no corn gluten meal, 62% corn, 14% gelatin, 6.5% soybean meal, and 2.5% whey.  Minor changes were 
made in some of the other ingredients. 
def Means within a row with different superscripts differ by the P  value shown. 
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Table 3.10. Effects of protein level and(or) gelatin on growth performance of broiler 
chicksa    
 Lysb Gelatin ADGc,d ADFIc   Gain:feedc,e 
Diet level, %  % g g  
 
Positive control  1.12 0 35.48 49.38  718 
Gelatin   1.12 5 33.84 49.09  691 
Positive control   0.78 0 25.42 44.71  592 
Gelatin  0.78 5 21.61 41.82  519 
Pooled SEM    0.71 1.96  29 
 
a Means are the average of seven replicates of five chicks (6 d post-hatching) with initial and final BW of 
109.1 and 398.2 g, respectively.  The experimental period was 10 d. 
b Diets were formulated on a digestible basis to be adequate or deficient in Lys.  
c Protein level effect, P <  0.01. 
d Gelatin level effect, P <  0.01.  
e Gelatin level effect, P <  0.10. 
 
requirement of any amino acid should seem straight forward, it is not.  It is important that 
the basal Trp-deficient diet, when supplemented with L-Trp, provides growth 
performance equal to a conventional positive control diet. 
Ball and Bayley (1984) estimated the Trp requirement of 2.5-kg pigs using 
oxidation of Phe as the response variable.  A skim milk-dextrose diet was used.  The 
recovery of CO2 indicated that the total Trp requirement was 0.20%.  This estimate is 
lower than the requirement estimate we obtained (0.24% total Trp) in 5.2- to 7.3-kg pigs.  
Burgoon et al. (1992) estimated the dTrp requirement of starting, growing, and 
finishing pigs.  In this experiment, growth and digestion trials were used.  A corn, fish 
meal, corn gluten meal diet was used and the requirement of pigs weighing 6 to 16 kg 
was estimated to be 0.15%, which is substantially lower than that of both the NRC (1998) 
recommendation and the results we obtained in 6.3- to 10.2-kg pigs.   
Han et al. (1993) estimated the apparent ileal digestible Trp requirement of pigs 
weighing 10 to 20 kg.  This weight range is similar to the pigs we used.  Broken-line 
 
 37 
regression resulted in an estimate of 0.14% apparent digestible Trp for 10-kg pigs fed an 
18% CP diet. 
Boomgaardt and Baker (1973) estimated the requirement of 11-kg pigs to be 
0.119% total Trp for pigs fed a corn-gelatin-based diet with 18% CP.  Three levels of CP 
(10, 14, and 18%) were used and the Trp requirement estimate at each level was 0.071, 
0.094, and 0.119%, respectively.   
More recently, lower estimates ranging from 0.14 to 0.16% total Trp also have 
been reported for young pigs (LaRue et al., 1985; Borg et al., 1987; Sato et al., 1987).  As 
indicated previously, these low estimates of the Trp requirement may be due to basal diet 
composition, Trp availability, or general differences from study to study.  As a result, it is 
difficult to provide a definitive Trp requirement estimate that will optimize growth 
performance of all young pigs.  Factors such as age, weight, protein content of the diet, 
and diet composition all will affect the estimate.  In addition, it is likely that the 
requirement of a pig 20 yr ago is different from that of a pig produced today based on an 
increased genetic potential for lean growth.   
Based on the results of our experiments with the age, weight, and breed of pigs 
used, the dTrp requirement of pigs weighing 5.2 to 7.3 kg (Phase I), 6.3 to 10.2 (Phase 
II), and 10.3 to 15.7 (Phase III) pigs is 0.21, 0.20, and 0.18%, respectively.   
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CHAPTER 4  
 
THE TRYPTOPHAN REQUIREMENT 
OF GROWING AND FINISHING PIGS 
 
Introduction 
Tryptophan is an essential amino acid that is considered the first limiting amino 
acid in diets consisting primarily of corn (Baker et al., 1969).  The Trp requirement of 
growing and finishing pigs has been studied, but results have been inconsistent.  Reasons 
for this variation may be due to genotype, protein levels used in the diets, and Trp 
digestibility of the feedstuffs used in growing and finishing pig diets.  Most of the 
research conducted thus far has estimated the total Trp requirement.  Review of published 
research indicates that the Trp requirement for growing pigs (20 to 50 kg) range from 
0.13 to 0.18% total Trp and the requirement for finishing pigs (80 to 120 kg) range from 
0.09 to 0.17% total Trp (NRC, 1998). Burgoon et al. (1992) was among the first to 
estimate the true digestible Trp (dTrp) requirement of growing and finishing pigs.  
Research estimating the dTrp requirement may be more accurate because of the variation 
of Trp digestibilities in various feedstuffs. 
The NRC (1998) provides recommendations for the requirement for dTrp based 
on a summary of work from various scientists.  The estimates for pigs weighing 20 to 50 
kg, 50 to 80 kg, and 80 to 120 kg are 0.15, 0.12, and 0.10% dTrp, respectively.  There is 
need for accurate Trp requirement estimates to optimize growth performance and carcass 
traits through diet formulation.  Most requirement studies use growth performance as the 
main response variable (ADG, ADFI, or gain:feed); however, serum urea nitrogen (SUN) 
previously has been used as a response variable and has been found to be reliable in 
estimating amino acid requirements (Coma et al., 1995; Knowles et al., 1997; Guzik et 
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al., 2002).  The SUN method has been validated by Coma et al. (1995) in short term 
experiments (4 to 5 d) to estimate Lys requirements.  A nitrogen balance study was 
conducted to verify the results, and it was concluded that the SUN method could be used 
to determine a specific amino acid requirement (Coma et al., 1995).  Also, an inverse 
relationship exists between SUN and the utilization of dietary protein.  Using SUN, 
growth performance, and carcass traits as response variables, the objective of this 
research was to estimate the dTrp requirement of growing and finishing pigs.   
Materials and Methods 
General 
 The experiments were approved by the University Animal Care and Use 
Committee.   
Four experiments were conducted to estimate the dTrp requirement of growing 
and finishing pigs.  Yorkshire, Yorkshire X Landrace, or Yorkshire X Landrace X Duroc 
pigs from the Louisiana State University Agricultural Center Swine Unit were used in 
each experiment.  During the grower period, pigs were housed in a totally enclosed 
building with 1.83 x 2.44-m pens and metal slotted floors.  During the finishing period, 
pigs were housed in a curtain-sided building in 1.5- x 3.0-m pens with concrete slats the 
entire length of the pen.  Pigs and their environment were monitored daily.  Feed and 
water were provided on an ad libitum basis throughout the experiments.  Pigs in each 
experiment were allotted to treatments on the basis of weight, and ancestry was equalized 
across treatments in randomized complete block designs.   
The diets in all experiments met or exceeded the nutrient requirements (with the 
exception of Trp for experimental purposes) of growing and finishing pigs (NRC, 1998).  
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Amino acids were provided at 105% the ratio relative to Lys (NRC, 1998).  The early 
grower, late grower, and late finisher diets contained 0.87% (Exp. 1), 0.70% (Exp. 2), and 
0.52% true digestible Lys, respectively.   
In all experiments, ingredients were analyzed for amino acids and true 
digestibility coefficients from NRC (1998) were used for diet formulation.  The amino 
acid composition of the ingredients (Table 4.1) was determined after acid hydrolysis 
(AOAC, 1990).  Methionine and cystine content were determined after performic acid 
oxidation followed by acid hydrolysis (AOAC, 1990).  Tryptophan content was 
determined after alkaline hydrolysis (AOAC, 1990).   
 
Table 4.1. Analyzed amino acid composition (%) of ingredientsa 
 
Nutrient Corn FM CFP CGM 
Arg 0.43 3.73 1.66 2.02 
His 0.23 1.50 0.47 1.23 
Ile 0.26 2.43 0.87 2.37 
Leu 0.96 4.36 1.49 10.40 
Lys 0.25 4.61 1.51 1.09 
Met 0.16 1.72 0.20 1.64 
Cys 0.18 0.55 0.32 1.26 
Phe 0.38 2.36 0.97 3.98 
Tyr 0.25 1.86 0.62 3.28 
Thr 0.28 2.49 0.77 2.17 
Trp 0.06 0.71 0.16 0.38 
Val 0.40 2.98 0.91 2.90 
a FM= feather meal; CFP = Canadian field peas; CGM= corn gluten meal. 
Experiment 1 
A preliminary experiment was conducted with 27 pigs weighing 78.3 kg to ensure 
that a feather meal (FM) Trp-deficient (0.14%) diet, when supplemented with crystalline 
L-Trp, would result in growth performance similar to a conventional corn-soybean meal 
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diet.  Pigs were allotted to three dietary treatments.  Each treatment was replicated with 
three pens of three pigs each.  Treatments consisted of: 1) FM negative control (NC), 2) 
NC + 0.07% Trp, or 3) corn-soybean meal positive control (PC) (Table 4.2).   The 
experimental diets were fed for 39 d in meal form.  Response variables included ADG, 
ADFI, gain:feed, conventional carcass characteristics, pork quality, total body electrical 
conductivity (TOBEC; Model MQI-27: Meat Quality Inc., Springfield, IL) analyses, and 
SUN concentrations.  All pigs were fasted for 16 h before slaughter.   
Experiment 2 
 Sixty pigs were allotted to six dietary treatments derived from the finisher basal 
diet described in Table 4.1.  Pigs had an initial and final BW of 74.6 and 104.5 kg.  Each 
treatment was replicated with three pens of four pigs per replicate.  Diets were 
supplemented with crystalline L-Trp at 0.02% increments to give six treatments 
containing 0.06, 0.08, 0.10, 0.12, or 0.14% dTrp.  The experimental diets were fed in 
meal form for 38 d.  Pigs were fasted for 16 h before slaughter.  Response variables were 
ADG, ADFI, gain:feed, conventional carcass characteristics, pork quality, TOBEC 
analyses, and SUN concentrations.  Subsequent experiments in growing pigs will be 
conducted using results obtained from the SUN response. 
Carcass Evaluation 
 Hot carcass weight and rectal temperatures were collected at time of kill.  Carcass 
measurements were collected on the left side of the carcass after a 24-h chill at 2o C.  
Linear measurements included dressing percentage, longissimus muscle area, average 
according to the guidelines of the NPPC (1999) using the interface of the longissimus 
back fat, and carcass length.  Pork quality scores (color and marbling) were determined 
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Table 4.2.  Composition of basal diets 
Ingredient Exp. 1 and 2 Exp. 3 a Exp. 4 PCb 
Corn 85.31 54.98 77.76 83.40 
Soybean meal (47.5%) - 10.34 5.36 13.17 
Canadian field peas - 30.00 10.00 - 
Feather meal 2.43 - - - 
Monocalcium phosphate 1.19 0.74 0.93 0.84 
Limestone 1.02 1.08 1.06 1.07 
Fatc - 0.66 - - 
Salt 0.50 0.50 0.50 0.50 
Sodium bentonite 0.50 0.50 0.50 0.50 
Vitamin premixd 0.38 0.38 0.38 0.38 
Mineral premixe 0.10 0.10 0.10 0.10 
Se premixf 0.05 - - 0.05 
L-Lys•HCl 0.40 0.11 0.32 - 
L-Thr 0.10 0.06 0.10 - 
L-Ile 0.03  - - 
DL-Met - 0.07 - - 
Cornstarchg 8.00 0.50 0.50 - 
Calculated nutrient composition, %h 
ME, kcal/kg 3,297 3,265 3,265 3,297 
t Lys 0.59 1.01 0.79 0.61 
t TSAA 0.42 0.55 0.48 0.50 
t Thr 0.44 0.68 0.55 0.49 
t Trp 0.07 0.16 0.11 0.14 
t Ile 0.36 0.66 0.48 0.52 
t Val 0.48 0.75 0.59 0.64 
t His 0.22 0.41 0.33 0.34 
d Lys 0.52 0.87 0.70 0.52 
d TSAA 0.35 0.51 0.42 0.44 
d Thr 0.37 0.55 0.47 0.41 
d Trp 0.06 0.13 0.09 0.12 
d Ile 0.32 0.55 0.41 0.46 
d Val 0.41 0.62 0.50 0.56 
d His 0.19 0.36 0.29 0.32 
a  In Exp. 3, 0.07% L-Trp was added to make the diet adequate and serve as the NC + Trp diet. 
b  PC= positive control used in Exp. 3. 
c  Provided 99% crude fat, Fat Pak 100, Milk Specialties Co., Dundee, IL 60118. 
d Provided the following per kilogram of diet: vitamin A, 11,023 IU; vitamin D3, 3,307 IU; vitamin E, 88 
IU; menadione (menadione pyrimidinol bisulfite) 8.3 mg; riboflavin, 13 mg; pantothenic acid, 50 mg; 
niacin, 88 mg; vitamin B12, 61 µg; biotin, 441 µg; choline (as choline chloride), 882 mg; folic acid, 3.3 mg, 
pyridoxine, 4.41mg; thiamin, 4.41 mg; and vitamin C, 110 µg. 
e Provided the following per kilogram of diet: Zn (zinc sulfate), 127 mg; Fe (ferrous sulfate monohydrate), 
127 mg; Mn (manganous sulfate), 20 mg; Cu (copper sulfate), 12.7 mg; I (calcium iodate), 0.80 mg. 
f Provided 0.3 mg Se per kilogram of diet as sodium selenite. 
g Cornstarch was added in place of Trp. 
h  Analyzed basis; t= total; d= true digestible value. 
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muscle at the 10th rib.  In Exp. 1, carcass was evaluated for total body electrical 
conductivity (TOBEC; Model MQI-27: Meat Quality Inc., Springfield, IL) analysis for 
calculation of fat free lean and fat content in the carcass (Higbie, 1997).  In Exp. 2, ham  
weight and butt fat thickness were recorded and the ham was evaluated for TOBEC 
analysis for calculation of fat free lean and fat content in the ham (Higbie, 1997).  
Percentage muscling and kilograms of lean were determined with the equation described 
by the NPPC (1999), which uses a 5% estimation for intramuscular fat and compensates 
for unequal body weight.  Pork quality measurements included 45-min and 24-h pH 
(hand-held pH meter, Model 2000; VWR Scientific Products Co., South Plainfield, NJ), 
45-min and 24-h temperature, Minolta CIE L*, a*, b* values (Model CM-508d; Minolta 
Corporation, Ramsey, NJ), drip (suspension method described by Matthews et al., 2001) 
and 48-h cook loss, and Warner Bratzler shear force (Instron Model 4501, Universal 
Testing Instrument, Canton, MA).    
Experiments 3 and 4 
Based on the results from Exp. 1 and 2 validating SUN as an accurate indication 
of protein utilization, the SUN method was used for Trp requirement estimation in 
grower pigs.  This method is accurate for amino acid requirement estimation and serves 
as a substitute for slaughtering the pigs at a young age (Coma et al., 1995).  In each 
experiment, 60 barrows were allotted to five dietary treatments derived from the basal 
diet in Table 4.2.  Pigs had an initial BW of 30.9 (Exp. 3) and 51.3 kg (Exp. 4).  Pigs 
were fed a conventional grower diet adequate in all nutrients before experiment initiation.  
An initial blood sample was collected from all barrows for SUN concentration 
determination.  The SUN concentration from these samples will be used as covariates for 
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blood samples taken at trial termination (Coma et al., 1995).  Each treatment was 
replicated with three pens of four pigs each.  Diets were supplemented with crystalline L-
Trp at increments of 0.02% to give five treatments containing 0.13, 0.15, 0.17, 0.19, 
0.21% (Exp. 3) or 0.09, 0.11, 0.13, 0.15, 0.17% (Exp. 4) dTrp (Table 4.2).  The 
experimental diets were fed in meal form for 7 d.  Serum urea N concentration served as 
the response variable in each experiment. 
Blood Sampling 
  At the termination of all experiments, blood was collected via the anterior vena 
cava.  In Exp. 3 and 4, an initial blood sample also was collected and used as a covariate 
for statistical analysis.  All pigs in each experiment had access to feed before bleeding.  
Blood for each pig was placed in 7-mL tubes (Monoject®, Sherwood Medical, St. Louis, 
MO) containing 17.5 mg of sodium fluoride and 14.0 mg of potassium oxalate.  Samples 
were placed on ice for 2 h before centrifugation at 1,500 x g at 4 oC for 20 min.  Serum 
was collected after centrifugation and samples were frozen until analysis.  Serum was 
analyzed for SUN concentrations by the methods of Laborde et al. (1995).  
Statistical Analysis 
 In each experiment, data were analyzed as random complete block designs using 
the GLM procedures of SAS (SAS Inst. Inc., Cary, NC).  In Exp. 2, 3, and 4, Trp effects 
were evaluated by linear and quadratic contrasts.  The individual initial SUN was used as 
a covariate for each final SUN for each barrow.  In Exp. 1, treatments were separated 
using PDIFF.  In Exp. 2, 3, and 4, the two-slope, broken-line regression model was used 
for all response variables to obtain an estimate of the dTrp requirement (Robbins, 1986).  




Experiment 1 (Preliminary) 
 Pigs fed the NC diet supplemented with crystalline L-Trp had growth 
performance similar (P  > 0.10) to those fed the PC diet (Table 4.3).  Pigs fed the NC diet 
without L-Trp supplementation had consistently reduced (P  < 0.10) ADG and gain:feed 
compared with pigs fed the NC + Trp diet or the PC diet.  Serum urea nitrogen levels also 
were decreased (P < 0.10) with Trp supplementation. Carcass characteristics also 
indicated that pigs fed the NC + Trp diet were adequate and similar to those pigs fed the 
PC diet (Table 4.4).  Loin muscle area was increased in the PC diet relative to pigs fed 
the NC or NC + Trp diets.  Average backfat was lower (P < 0.10) in pigs fed the PC diet 
relative to pigs fed the NC or NC + Trp diets.  Fat-free lean and kilograms of lean were 
greater (P < 0.10) in pigs fed the PC or NC + Trp diet relative to pigs fed the NC diet.  
This experiment validated the Trp-deficient FM diet, and this diet was used in a 
subsequent Trp-requirement study.  
Table 4.3. Growth performance of finishing pigs fed a diet deficient or adequate in 
tryptophana 
 Negative Control 
(NC) 
NC + Trp Positive Control 
(PC) 
SEM 
ADG, kg 0.63b 0.98c 0.81d 0.04 
ADFI, kg 3.58 3.28 3.55 3.58 
Gain:feed, kg 0.18 b 0.30 c 0.23 d 0.01 
SUN, mmol/L 2.90 b 1.40 c 1.49 d 0.13 
 a Data are means of three replicates of three pigs per replicate.  Initial and final BW were 78.3 and 109.8 
kg, respectively.  SUN= serum urea N. 
 bcd Means in rows with different superscripts differ, P < 0.10. 
Experiment 2 
Growth performance was improved with increasing levels of dTrp (Table 4.5). 
Average daily gain and gain:feed were increased linearly (P < 0.10) with the addition on 
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Trp.  Serum urea N was linearly decreased (P < 0.10) with increasing levels of Trp. 
Carcass characteristics followed the same trend as in Exp. 1 (Table 4.6).  Dressing 
percentage, loin muscle area, average backfat, fat-free lean, and kilograms of lean were 
all linearly increased (P < 0.10) with increasing levels of Trp.  There was a Trp quadratic 
effect (P < 0.10) in fat-free lean with increasing levels of Trp.  These trends were similar 
to those seen in Exp. 1.  Broken-line analysis estimated the optimum dTrp requirement to 
be 0.094, 0.109, and 0.103% for overall ADG, gain:feed, and SUN concentrations, 
respectively.  The average of these values yields an estimate of 0.102% dTrp (0.12% total 
Trp) for optimum growth of finishing pigs weighing 74.6 to 104.5 kg. 
Experiment 3 (30.9-kg pigs) 
Serum urea N decreased linearly (P  < 0.01) and quadratically (P  < 0.01) as the 
dTrp content was increased from 0.13 to 0.21% in pigs 30.9 kg BW (Table 4.7).  Broken-
line regression analysis estimated the optimum dTrp requirement to be 0.167% (0.20% 
total Trp) to minimize SUN of pigs weighing 30.9 kg. 
Experiment 4 (51.3-kg pigs) 
Serum urea N decreased linearly (P  < 0.01) and quadratically (P  < 0.01) as the 
dTrp content increased from 0.09 to 0.17% in pigs 51.3 kg BW (Table 4.7).  Broken-line 
regression analysis estimated the optimum dTrp requirement to be 0.134% (0.15% total 
Trp) to minimize SUN of pigs weighing 51.3 kg. 
Discussion 
 In growing pigs, the Trp requirement decreased with an increase in BW.  We 
obtained estimates of 0.167% (0.20% total trp) and 0.134% (0.15% total Trp) dTrp in 
pigs 30.9 and 51.3 kg, respectively.  These Trp requirement estimates obtained are in 
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  Table 4.4. Carcass traits of finishing pigs fed diets deficient or adequate in tryptophana,b 
       NC    NC + Trp        PC SEM 
Carcass Traits     
Dressing percentage 74.10 75.06 75.54 0.65 
Carcass length, cm 81.00 82.55 81.42 0.60 
Loin muscle area, cm2 42.26 e 45.44 e 50.30f 1.41 
Tenth-rib backfat, cm 1.86 e 2.21 f 1.81 e 0.07 
Average backfat, cm 2.68e 2.85e 2.48f 0.11 
Fat-free lean, kgc 37.31e 43.50f 42.67f 1.18 
Total fat, kgc 19.62e 23.31f 20.20 e 0.82 
Percentage leanc 49.09 49.71 50.86 1.22 
Percentage fatc 25.49 26.41 24.03 0.98 
Kilograms of leand 41.91e 46.55f 47.79f 0.88 
Percentage musclingd  55.00e 53.31f 56.83 g 0.56 
     
pH and Temp     
45-min pH 5.84 5.69 5.95 0.09 
45-min Temp,o C  39.20 39.00 39.20 0.76 
24-h pH 5.42 5.42 5.40 0.05 
24-h Temp,o C 2.90 3.00 2.8 0.24 
     
Pork Quality     
Color 2.22 2.17 2.44 0.18 
Marbling 1.44 1.39 1.19 0.18 
     
CIE L* 51.70 52.54 51.43 1.66 
CIE a* 4.55 e 6.22 f 4.76 e 0.43 
CIE b* 10.20 11.50 10.12 0.57 
     
Drip loss, % 4.72 5.84 3.98 1.00 
Cook loss, % 20.35 18.92 21.35 1.05 
Total loss, % 25.07 24.76 25.33 1.07 
Shear force, kg 2.60 2.99 2.77 0.18 
a Data are means of three replicates of three pigs per replicate.  Initial and final BW were 78.3 and 
109.8 kg, respectively. 
b NC= negative control; PC= positive control; Temp= temperature. 
c Calculated with TOBEC analysis with equations from Higbie (1997). 
d Calculated using the equation described by the NPPC (1999), which uses a 5% estimation for 
intramuscular fat and compensates for unequal body weights. 




Table 4.5. Growth performance of finishing pigs fed graded levels of tryptophana 
   Trp, %    
 0.06 0.08 0.10 0.12 0.14 SEM 
ADG, kg c 0.69 0.75 0.93 0.90 0.85 0.04 
ADFI, kg 3.69 3.52 3.30 3.36 3.46 3.58 
Gain:feed, kg c 0.19 0.21 0.28 0.27 0.24 0.01 
SUN, mmol/L bc 2.85 2.02 1.56 1.46  1.64  0.13 
a Data are means of three replicates of four pigs per replicate.  Initial and final wt were 74.6 and 104.5 kg, 
respectively. 
b SUN= serum urea N. 
c Trp linear, P < 0.10. 
 
agreement with previous researchers.  In pigs 15 to 40 kg, similar estimates of 0.18% 
were obtained by Stockland et al. (1971) and Russell et al. (1986).  Also, Schutte et al. 
(1995) estimated the requirement of young pigs (20 to 40 kg) using a tapioca-barley-corn 
basal (16% CP and 1.65 g/kg Trp) diet.  The results from their growth trials indicate an 
estimate of 0.21% Trp using ADG and feed efficiency as response variables.  Lower 
estimates have been obtained by Wahlstrom et al. (1985) and Henry et al. (1996) who 
obtained requirement estimates of 0.16% total Trp.  Even lower estimates have been 
obtained recently by Burgoon et al. (1992), who estimated the Trp requirement in 22- to 
50-kg pigs to be 0.13%.   
 In 40- to 60-kg pigs, there is limited research estimating the Trp requirement.  In 
1990, Lenis et al. estimated the Trp requirement of 35- to 105-kg pigs to be 0.17% total 
Trp (0.14% apparent dTrp).  Also, Henry et al. (1992) obtained a Trp requirement 
estimate of 0.13% total Trp in pigs 44 to 99 kg.  These estimates are in agreement with 
the estimate of 0.15% total Trp from our study with the exception of the wide range BW.  
Most studies do not separate the grower periods into 20 to 40 and 40 to 60 kg weight 
ranges.  The NRC (1998) provides requirement recommendations of grower pigs 20 to 50 
kg BW.  This may be the explanation for the limited research in 40- to 60-kg pigs.   
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Table 4.6. Carcass traits of finishing pigs fed graded levels of tryptophana,b 
   Trp, %    
 0.06 0.08  0.10 0.12 0.14 SEM 
Carcass Traits       
Dressing percentage c 76.25 78.06  77.79  78.00  78.09  0.59 
Carcass length, cm 82.13 83.50 83.93 83.61 83.61 0.61 
Loin muscle area, cm2 c 43.62 44.21 45.86 46.76 47.99 1.94 
Tenth-rib backfat, cm c 1.78 1.99 2.07 2.17 2.24 0.10 
Average backfat, cm c 2.37  2.48  2.49  2.67 2.77 0.08 
Ham weight, kg c 8.68 9.25 9.01 9.34 9.39 0.21 
Butt fat thickness, cm 0.92 0.97 1.02 0.86 1.02 0.09 
Fat-free lean, kg (ham) cde 6.49 7.12 7.13 7.51 7.15 0.14 
Total fat, kg (ham) e 1.98 1.85 1.58 1.53 2.03 0.27 
Percentage lean (ham) e 49.12 49.52 50.13 50.46 50.47 1.23 
Percentage fat (ham) e 19.64 19.98 20.01 22.54 23.20 1.84 
Kilograms of leancf 44.55  47.89  48.37  49.67  49.50  0.71 
Percentage musclingf 55.13 54.24 54.41 54.36 54.96 0.46 
       
pH and Temp       
45-min pH 5.83 5.97 5.82 5.83 5.79 0.09 
45-min Temp,o C  37.64 38.34 38.31 38.33 38.56 0.32 
24-h pH 5.56 5.64 5.60 5.54 5.64 0.03 
24-h Temp,o C 8.31 7.93 8.00 8.16 7.64 0.46 
       
Pork Quality       
Color 2.22 2.27 2.34 2.33 2.39 0.19 
Marbling 1.38 1.33 1.24 1.21 1.18 0.16 
       
CIE L* 58.38 55.51 61.14 55.63 58.02 2.74 
CIE a* 6.23 8.10 5.73 7.17 6.97 1.80 
CIE b* 11.55 10.86 11.86 12.39 11.64 0.86 
       
Drip loss, % 4.35 4.65 5.21 5.47 4.94 1.01 
Cook loss, % 20.14 20.85 21.01 19.95 20.68 1.06 
Total loss, % 24.49 25.50 26.22 25.42 25.62 1.09 
a Data are means of three replicates of three pigs per replicate.  Initial and final BW were 74.6 and 104.5 
kg, respectively. 
b Temp= temperature. 
c Trp linear, P < 0.10. 
d Trp quadratic, P < 0.10.  
e Calculated with TOBEC analysis with equations from Higbie (1997). 
f Calculated using the equation described by the NPPC (1999), which uses a 5% estimation for 
intramuscular fat and compensates for unequal body weights. 
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Table 4.7.  Serum urea nitrogen (SUN, mmol/L) concentrations of 30.9 and 51.3 kg 
barrows fed graded levels of tryptophan a,b 
   Trp, %    
Exp. 3 0.13 0.15 0.17 0.19 0.21 SEM 
SUNI 3.61 3.60 3.90 2.94 3.26 0.41 
SUNFc 3.54 2.13 1.07 1.58 2.12 0.18 
       
Exp. 4 0.09 0.11 0.13 0.15 0.17 SEM 
SUNI 3.64 3.72 3.67 3.53 2.99 0.39 
SUNFc 3.45 2.36 1.13 1.87 2.25 0.20 
a Data are means of three replicates of four pigs per replicate.  Initial BW were 30.9 (Exp. 3) and 51.3 (Exp. 
4). 
b SUNI = initial SUN ; SUNF = final SUN. 
c Trp linear (P < 0.01) and quadratic (P < 0.01) effects.   
 
 
There is even less research conducted estimating the Trp requirement of finishing 
pigs.  Möhn and Susenbeth (1993) estimated the Trp requirement of pigs 60-105 kg BW.  
Response variables included growth performance, nitrogen balance, and carcass 
composition (carcass yield, length, percentage lean, and fat:lean ratio).  Few effects were 
seen in growth parameters that were unexpected.  Feed intake was increased with an 
increase in dietary Trp.  Nitrogen retention was more responsive showing a plateau at 
0.16% Trp.  The main effects for carcass characteristics were seen in percentage lean, 
which was increased with Trp supplementation.  Pigs fed the control diet (0.16% Trp) 
had the highest percentage lean, but they were not significantly different from pigs fed 
0.16 or 0.18% Trp.  Results indicate a Trp requirement estimate of 0.16%.  Slightly lower 
estimates were obtained by Burgoon et al. (1992), who estimated 0.13 and 0.09% total 
Trp in pigs 55 to 97 kg BW, respectively.  The Trp requirement estimates in finishing 
pigs were obtained using growth performance as response variables.  These results agree 
with our Trp requirement estimate of 0.12% total Trp (0.102% dTrp) in late finishing 
pigs, however, response variables vary among the studies.   
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Variations in Trp requirement estimates are due to environment, genetic potential, 
and weight, and age of the pig.  The requirement estimate of amino acids is difficult 
because of these sources of variation.  As a result, it is difficult to provide a definitive Trp 
requirement estimate that will optimize growth performance of growing and finishing 
pigs.   
Based on the results of our experiments with the age, weight, and breed of pigs 
used, the dTrp requirement of pigs weighing 30.9, 51.3, and 74.6 to 104.5 is 0.167, 0.134, 
and 0.102%, respectively.   
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CHAPTER 5  
 
THE THREONINE:LYSINE AND TRYPTOPHAN:LYSINE  
RATIOS OF NURSERY PIGS  
 
Introduction 
Optimum amino acid balance is important to maximize growth and efficiency in 
pigs.  Diets are routinely formulated to meet the Lysine (Lys) requirement, and then 
ratios of the other amino acids are used to provide amino acids close to or at the 
requirement for maximum growth with a minimum excess of amino acids.  There has 
been research conducted on the Lys requirement in all phases of growth including 
nursery pigs (NRC, 1998); however, there has been limited research conducted on the 
threonine (Thr) and tryptophan (Trp) ratios to Lys in nursery pigs.  Providing optimal 
amino acids ratios for Thr and Trp could enhance growth performance in nursery pigs.     
Based on a true digestible basis, the NRC suggests a ratio of Thr:Lys of 0.62 and 
a ratio of Trp:Lys of 0.18 in pigs 5 to 10 kg and 10 to 20 kg.  Research estimating the Thr 
and Trp requirements is minimal.  Roswell and Zimmerman (1985) and Lewis and Peo 
(1986) estimated the Thr requirement of 5- to 15-kg pigs to be 0.70%, while Saldana et 
al. (1994) estimated the Thr requirement in 6- to 16-kg pigs to be 0.63%.  This variation 
demonstrates the need for a more accurate estimation of the Thr requirement that is 
necessary for maximum growth performance. 
Tryptophan requirements of nursery pigs also have been variable.  Burgoon et al. 
(1992) estimated the total Trp requirement in 6- to 16-kg pigs to be 0.19%.  In contrast, 
Guzik et al. (2002) estimated the Trp requirement of 6- to 10-kg pigs to be 0.18% true 
digestible Trp (or 0.23% total Trp), which agrees with the NRC (1998) estimate.  Other 
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research has estimated the Trp requirement to be much lower (0.15 and 0.12%) in pigs 
from 5 to 15 kg BW (Zimmerman, 1975; Boomgaardt and Baker, 1973).  Because of this 
variation, more research needs to be conducted to improve the accuracy of Trp and Thr 
requirements of nursery pigs.  Evaluation of potential interactions between Trp:Lys and 
Thr:Lys ratios in nursery pigs will improve the ability to optimally formulate nursery pig 
diets.  Therefore, the objective of this experiment was to determine the Trp:Lys and 
Thr:Lys ratios in 7 to 16-kg nursery pigs. 
Materials and Methods 
General 
Crossbred PIC pigs (Cambrough 15 X Canabrid) from the Prairie Swine Center in 
Saskatoon, SK were used in this experiment.  They were housed in an environmentally 
controlled barn containing three identical rooms (13.0 x 3.9 x 2.9 m) with metal tribar 
flooring and underfloor flush.  Each room contained 24 pens (1.07 x 1.22 m) complete 
with an adjustable waterer and double-space self-feeder.  Temperature was gradually 
decreased throughout the experiment and light was maintained at 16 h of light and 8 h of 
darkness per d.  Pigs and their environment were monitored twice daily.  Pigs were 
provided a conventional commercial Phase I diet (wheat, soybean meal, spray-dried 
porcine plasma, fish meal, and whey; 1.6% Lys) for 4 d before the experiment began.  
Feed and water were provided for ad libitum consumption throughout the experiment.  
Pigs were allotted to treatments on the basis of weight, and gender and ancestry were 
equalized across treatments in a randomized incomplete block design.   
 This experiment was carried out in accordance with the Animal Care Protocol for 
nursery experiments issued by the University of Saskatchewan Committee on Animal 
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Care and Supply. The diets were formulated to meet 105% of the requirement of all 
amino acids (with the exception of Lys, Thr, and Trp for experimental purposes) for 
weanling pigs 5 to 10 and 10 to 20 kg (NRC, 1998).  The Phase II (7.1 to 9.8 kg BW) and 
Phase III (9.8 to 15.6 kg BW) diets contained 1.19 or 1.01% true digestible Lys, 
respectively. 
Experiment 
On d 5 post-weaning (7.1 kg and 24 d of age), 144 gilts and 144 barrows were 
allotted to nine dietary treatments.  Treatment diets consisted of a 3 x 3 factorial 
arrangement providing three Trp:Lys ratios (0.145, 0.170, or 0.195) in combination with 
three Thr:Lys ratios (0.55, 0.60, or 0.65), with crystalline Trp or Thr replacing cornstarch. 
Each treatment was replicated with eight pens of four pigs (2 barrows and 2 gilts) per 
pen.  Pigs were fed the Phase II diet for 14 d, and on d 19 post-weaning, pigs were 
switched to a Phase III diet for 14 d (Table 5.1). Body weight and feed consumed were 
determined weekly.  Response variables were ADG, ADFI, and gain:feed.      
Statistical Analysis 
 Data were analyzed by analysis of variance procedures (Steel and Torrie, 1980) 
appropriate for randomized incomplete block design using the GLM procedures of SAS 
(SAS Inst. Inc., Cary, NC).  Orthogonal contrasts were used to determine the main effects 
of Thr and Trp and their interactions.  The pen of pigs served as the experimental unit for 
all data.   
Results and Discussion 
 During Phase II (d 0 to 14), ADG and gain:feed were linearly increased (P < 0.01) 
with increasing levels of Trp (Table 5.2; Figure 5.1abc).  There were no main effects 
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Table 5.1.  Composition of basal diets 
Ingredient, %    Phase II Phase III 
Canadian field peas   30.00 25.00 
Barley   19.50 20.00 
Corn   - 17.56 
Wheat (hard)  15.21 16.59 
Corn gluten meal (60% CP) 10.38 7.10 
Whey   10.00 - 
Canola oil   5.58 5.01 
Fish meal   5.00 5.00 
Mono-Dicalcium Phosphate   1.37 1.14 
Limestone   0.68 0.73 
Mineral premixa   0.50 0.50 
Vitamin premixb   0.50 0.50 
Salt   0.40 0.40 
L-Lys•HCl   0.39 0.31 
L-Val   0.03 - 
DL-Met   0.03 0.03 
Choline chloride   0.05 - 
Cornstarchc   0.18 0.15 
Maxi-bond pellet binderd  0.20 0.20 
Calculated nutrient composition, %e 
ME, kcal/kg  3,400 3,400 
t Lys  1.31 1.12 
t TSAA  0.82 0.70 
t Thr  0.78 0.66 
t Trp  0.22 0.18 
t Ile  0.84 0.72 
t Val  1.01 0.86 
t His  0.48 0.44 
t Arg  1.16 1.04 
d Lys  1.19 1.01 
d TSAA  0.71 0.61 
d Thr  0.65 0.56 
d Trp  0.17 0.15 
d Ile  0.72 0.63 
d Val  0.85 0.73 
d His  0.42 0.38 
d Arg  1.04 0.94 
Trp:Lys  0.15 0.15 
Thr:Lys  0.55 0.55 
Ca  0.90 0.80 
P  0.80 0.70 
 
a Prairie Swine Centre Inc. minerals provided the following per kilogram of diet: copper, 5g; iron, 8g; 
manganese, 2.5 g; zinc, 10g, iodine, 50 mg; selenium, 10 mg. 
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b Prairie Swine Centre Inc. vitamins provide the following per kilogram of diet:  vitamin A, 825,000 IU;  
vitamin D3, 82,500 IU;  vitamin E, 4,000 IU;  menadione  400 mg;  riboflavin, 500 mg;  d-pantothenic acid, 
1500 mg;  niacin, 3500 mg;  vitamin B12, 2.5 mg;  d-biotin, 10 mg;  folic acid, 200 mg;  pyridoxine, 1.66 
mg; and thiamin, 100 mg. 
c Trp and Thr added in place of cornstarch in constant increments of 0.025 and 0.05%, respectively to get 
diets 2 to 9.  
d Maxi-bond pellet binder (AGresearch Inc., Joliet, IL). 
e t= total; d = true digestible. 
 
(P > 0.10) of Thr on growth performance.  There also was a Trp x Thr interaction (P < 
0.03) for ADG. Generally, Trp addition linearly increased ADG in diets containing 0.60 
and 0.65 Thr:Lys but not in the diet with 0.55 Thr:Lys.  A similar response was seen in 
ADFI, but the effect was not significant.  In our data, Thr addition to the diet containing 
0.145 Trp:Lys caused a decrease in ADG and ADFI with little change in gain:feed, 
indicating that the diet was more limiting in Trp than in Thr.  These responses are a 
classic indication of an amino acid imbalance (Harper et al., 1970). 
 During Phase III (d 14 to 28), ADG, ADFI, and gain:feed were linearly increased 
(P < 0.01) with increasing levels of Trp (Table 5.2; Figure 5.2abc).  There were no main 
effects (P > 0.10) of Thr.  Also, a Trp x Thr interaction (P < 0.03) was seen for ADG and 
ADFI similar to that in Phase II.    
 Overall, ADG, ADFI, and gain:feed were linearly increased (P < 0.01) with 
increasing levels of Trp (Table 5.2; Figure 5.3abc).  There were no main effects (P > 
0.10) of Thr.  Again, a Thr x Trp interaction was seen in ADG (P < 0.03) and ADFI (P < 
0.05) similar to that in Phase II. 
General 
 The purpose of this experiment was to determine the optimum Thr:Lys and Trp:Lys 
ratios for maximum growth performance. Threonine is usually referred to as the third 




Table 5.2. Effects of tryptophan and threonine on growth performance during phase II, 
III, and overalla 
Thr:Lys 0.55 0.60 0.65 0.55 0.60 0.65 0.55 0.60 0.65  
Trp:Lys 0.145 0.145 0.145 0.170 0.170 0.170 0.195 0.195 0.195 SEM 
D 0 to 14           
ADG, gbc 194 145 161 175 199 188 222 244 235 12 
ADFI, g 406 369 344 358 406 358 386 394 390 24 
Gain:feed, kgb 0.48 0.41 0.47 0.49 0.50 0.52 0.58 0.62 0.60 0.03 
D 14 to 28           
ADG, gbc 425 304 309 352 420 425 473 493 508 28 
ADFI, gbc 764 587 609 671 757 681 783 817 774 41 
Gain:feed, kgb 0.57 0.53 0.52 0.53 0.57 0.63 0.60 0.60 0.66 0.03 
D 0 to 28           
ADG, gbc 310 224 235 264 310 307 348 369 372 14 
ADFI, gbd 585 478 477 514 581 520 584 606 582 29 
Gain:feed, kgb 0.54 0.48 0.51 0.52 0.54 0.59 0.60 0.61 0.64 0.03 
a Means are the average of eight replicates of four pigs (2 barrows and 2 gilts) each.  Initial and final 
weights were 7.1 and 15.6 kg, respectively. 
b Trp linear, P < 0.01. 
c Trp x Thr, P < 0.03. 
d Trp x Thr, P < 0.05. 
 
meal diets.  A review of Thr research shows a moderate variation in Thr requirements 
(Kerr, 2000), but few studies have evaluated the ratio of Thr:Lys (Chung and Baker, 
1992; Baker, 1997).   Results from this experiment were unexpected as increasing the 
Thr:Lys ratio from 55 to 65 had little impact on growth performance.  From review of the 
literature, the Thr:Lys ratio that is suggested by the data is lower than commonly utilized 
in industry (Southern, 1991; Kerr, 2000).   The NRC (1998) recommends a Thr:Lys ratio 
of 62 in 10- to 20-kg pigs, which is thought to be a minimum ratio. 
There also has been research estimating the Trp requirement of nursery pigs 
(Becker et al. 1955; Zimmerman, 1975; Burgoon et al. 1992; Han et al. 1993; Schutte et 
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al. 1995), however few have estimated the Trp:Lys ratio (Baker, 1997).  The response of 
pigs to increasing Trp:Lys ratios was equally interesting.  In pigs fed the Thr:Lys ratio of 
55, supplementation of a small amount of Trp decreased pig performance, while at 
Thr:Lys ratios of 60 and 65, Trp supplementation linearly improved pig performance.  
The lack of a plateau in pig performance above a Trp:Lys ratio of 0.195 is difficult to 
explain.  Guzik et al. (2002) estimated a true digestible Trp requirement of 0.18 (ratio of 
18) in 10- to 15-kg pigs fed a pea-based diet.  Therefore, other factors may be playing a 
role in Trp availability or amino acid imbalance (Harper et al. 1970; Henry and Sève, 
1993; Batterham and Watson, 1995).  These results suggest that increased Trp:Lys ratios 
may need to be used in order to get optimal performance.  Research conducted by Van 
Cauwenberghe and Relandeau (2000) in similar wheat-barley-based diets also suggests a 
higher Trp:Lys ratio than in corn-based diets.  
 The results from this experiment suggest that growth was linear to the highest 
levels of Trp (0.195) at two levels of Thr:Lys (60 and 65) suggesting that increased levels 





  THE EFFECTS OF DIETARY TRYPTOPHAN ON PLASMA 
AND SALIVARY CORTISOL AND MEAT QUALITY IN PIGS 
 
Introduction 
  Stress plays an important role in animal well-being and optimal performance.  If 
stress is a factor in a pig’s environment, immune response and growth will be decreased, 
and pigs will not be efficient in the conversion of feed to meat.  Pigs are stressed at many 
points in their lives, such as at weaning, mixing, changing barns, and transport.  All of 
these factors can affect meat quality or the process of the conversion of feed to meat.  The 
effect that these stressors have on the pig is assumed to be minimal because they are 
reaching market weight faster due to the advancements in genetic selection; however, 
negative effects are sometimes present, such as pale, soft, and exudative (PSE) pork.   
In addition to stress effects on meat quality, there is often a question regarding a 
pig’s stress response to situations within its ‘environment’.  A pig’s vocalization in 
response to a stress (i.e., snaring) may stress pigs in close proximity.   
Certain neurotransmitters are responsible for quickly responding to stress and 
returning the body to a state of homeostasis (physiological balance) (Henry et al., 1992; 
Adeola et al., 1993; Henry et al., 1996).  Some of these neurotransmitters are epinephrine, 
dopamine, and norepinephrine.  As a result of epinephrine release, lactate has been shown 
to increase in response to an acute stressor (Fernandez et al., 1994).  In addition, cortisol 
also responds to stress by being released slower for a longer term effect.  
Neurotransmitters are often difficult to measure because they are found in the brain, and 
animals are often killed to assess changes in concentration.  In order to evaluate stress 
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levels without killing animals, it is possible to measure plasma or salivary cortisol (Ruis 
et al., 1997).  
Tryptophan (a precursor of serotonin) has been shown in previous experiments to 
lower levels of serotonin in pigs (Adeola and Ball, 1992), rats (Leathwood, 1987), and 
chickens (Laycock and Ball, 1990), which could result in a lower stress response.  
Tryptophan also has been used in finishing pigs in efforts to improve meat quality by 
lowering stress at the slaughter facility (Adeola and Ball, 1992).   
 Therefore, the objective of this research was to evaluate the effects of Trp on 
cortisol and lactate levels after the introduction of an acute stressor such as snaring.  
Also, the effect of excess dietary Trp on meat quality and plasma and salivary cortisol in 
finishing pigs was evaluated.  
Materials and Methods 
General 
Four experiments were conducted to evaluate the effect of Trp on plasma and 
salivary cortisol and meat quality in finishing pigs.  Yorkshire, Yorkshire x Landrace, and 
Yorkshire x Landrace x Duroc barrows from the Louisiana State University Agricultural 
Center Swine Unit were used in each experiment.  Pigs and their environment were 
monitored daily.  Barrows were allotted to treatments on the basis of weight, and ancestry 
was equalized across treatments in randomized complete block designs.   




Experiment 1 (Preliminary) 
A preliminary experiment was conducted to determine the time at which cortisol 
reached a maximum after the introduction of an acute stressor (snaring).  Four pigs (50 kg 
BW) were individually housed in 0.6- x 1.2-m polyvinyl chloride metabolism crates for 
the duration of the experiment.  Pigs were allowed a 2-d adjustment period before 
catheters were surgically inserted using the technique described by Amoikon et al. 
(1995).  After the adjustment period, pigs were bled for 3 h and blood collection times 
were at -60, -30, -15, 0, 2, 4, 6, 8, 10, 15, 20, 25, 30, 45, 60, 90, and 120 min.  At time 0, 
pigs were snared for 30 s and blood collection resumed with the 2 min sample.  Blood 
samples were placed in tubes containing 10 mg of sodium fluoride and 8 mg of potassium 
oxalate.  The same technician for each pig was responsible for all blood collection times 
to reduce stress.  Blood samples were placed on ice for 2 h, then centrifuged for 15 min at 
1,500 x g at 4o C.  Plasma was then frozen (-20o C) until subsequent analyses for cortisol 
and lactate.  Information obtained in this experiment will provide the basis for the design 
(i.e., blood collection times and duration of bleed) for Exp. 2. 
Experiment 2 
 Subsequent to Exp. 1, a second experiment was conducted to determine the 
effects of snaring on plasma cortisol level in pigs supplemented with 0.5% L-Trp.  
Twenty barrows (average initial BW of 50 kg) were allotted to: 1) a corn-soybean 
meal basal diet (Table 6.1) or 2) the basal diet plus 0.5% L-Trp.  The basal diet was 
formulated to meet or exceed 105% of the requirement of all amino acids for growing 
pigs 20 to 50 kg BW (NRC, 1998).  Pigs were fed twice daily to approximate ad libitum 
intake.  After catheterization as in Exp. 1, pigs were fed the experimental diets for 5 d.  
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The 5 d feeding period stemmed from results of Adeola and Ball (1992) who reported 
increased serotonin production after feeding supplemental Trp for 5 d.  After the 5 d 
feeding period, pigs were bled over a period of 3 d.  At 0800 on D 1, 10 pigs were snared 
for 30 s at time 0.  Blood samples (3 ml) were collected at –10, 0, 2, 4, 6, 8, 10, 15, 30, 
45, 60, 90, and 120 min and placed in tubes as in Exp. 1.  The collection times were 
based on results from Exp. 1 to ensure a peak in cortisol.  After the 30 s snaring, blood 
collection resumed at 2 min.  The same technician for each pig was responsible for all 
blood collection times to reduce stress.  On D 2, the other 10 pigs were bled in the same 
manner.   
Experiment 3 
 Using the pigs and diets used in Exp. 2, on D 3, another experiment was 
conducted to determine if a stress response is present in pigs adjacent to those being 
snared.  At 0800, 5 pigs were snared for 30 s.  After pigs were snared, blood collection 
commenced at 2 min on the pigs adjacent to those that were snared.  Collection times 
followed that of Exp. 2. 
Experiment 4 
 Ninety barrows (average initial and final BW of 106 and 111 kg) were allotted to 
six treatments on the basis of weight and ancestry in a randomized complete block 
design.  Four replicates of three or four pigs per replicate were used.  Feed and water 
were provided on an ad libitum basis, and pigs were housed in an open-sided finishing 
barn in 1.5- x 3.0-m pens with cement-slatted floors.  The treatments were arranged in a 3 
x 2 factorial arrangement with three diets [1. a corn-soybean meal basal diet, 2. the basal 
diet plus 0.5% L-Trp, or 3. the basal diet plus a bolus of Trp (0.1g/kg BW) 2 h before 
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slaughter] and two handling methods (normal and minimal)].  The diets were fed for 5 d 
before slaughter.  Pigs were weighed at the beginning and end of the 5-d experimental 
period for calculation of ADG, ADFI, and gain:feed.  To achieve minimal handling the 
day before slaughter, half of the pigs were transported to the slaughtering facility and 
were not mixed during the transport or at the slaughter facility.  Pigs receiving the bolus 
(0.1g/kg L-Trp in 60 ml of H2O) were administered the dose orally 2 h before slaughter.  
Pigs that did not receive the bolus received 60 ml of H2O orally 2 h before slaughter.  On 
the day of slaughter, after these pigs were killed, the other half of the pigs were mixed, 
transported, and handled roughly at the slaughter facility to induce stress (Matthews et 
al., 2001).  All pigs were held without feed for 16 h before slaughter.  Blood and saliva 
were collected at slaughter (after exsanguination) for cortisol analysis. 
 Carcass Evaluation 
 Hot carcass weights and rectal temperatures were collected at time of kill.  
Carcass measurements were collected on the left side of the carcass after a 24-h chill at 
2oC.  Linear measurements included dressing percentage, longissimus muscle area, 
average backfat, and carcass length.  Pork quality measurements included 45-min and 24-
h pH (hand-held pH meter, Model 2000; VWR Scientific Products Co., South Plainfield, 
NJ), 45-min and 24-h temperature, Minolta CIE L*, a*, b* values (Model CM-508d; 
Minolta Corporation, Ramsey, NJ), drip (suspension method described by Matthews et 
al., 2001), and 48-h cook loss, and Warner Bratzler shear force (Instron Model 4501 




 Correlation between plasma and salivary cortisol were of interest for practical 
purposes of collecting samples without stressing (i.e., snaring) the pigs.  On the day of 
slaughter (following electrical stunning), saliva was collected by inserting a cotton tip 
applicator into the mouth until cotton was fully moistened.  The sample was placed in 
Table 6.1.  Composition of basal diets 
Ingredient, %    Exp. 1, 2, 3 Exp. 4 
Corn    75.48 85.00 
Soybean meal (47.5% CP)   19.70 10.98 
Monocalcium phosphate   1.20 0.89 
Limestone   1.13 1.04 
Mineral premixa   0.10 0.10 
Vitamin premixb   0.38 0.38 
Salt   0.50 0.50 
Sodium bentonitec   0.50 0.50 
L-Lys•HCl   0.19 0.07 
L-Thr   0.05 - 
Se premixd   0.05 0.05 
Cornstarche   0.50 0.50 
Calculated nutrient composition, %fg 
ME kcal/kg   3,265 3,265 
d Lys   0.83 0.52 
d TSAA   0.52 0.43 
d Thr   0.55 0.37 
d Trp   0.16 0.11 
Ca   0.70 0.60 
P   0.60 0.50 
a Provided the following per kilogram of diet: Zn (zinc sulfate), 127 mg; Fe (ferrous sulfate monohydrate), 
127 mg; Mn (manganous sulfate), 20 mg; Cu (copper sulfate), 12.7 mg; I (calcium iodate), 0.80 mg. 
b Provided the following per kilogram of diet: vitamin A, 11,023 IU; vitamin D, 3,307 IU; vitamin E, 88 IU; 
menadione (menadione pyrimidinol bisulfite) 8.3 mg; riboflavin, 13 mg; pantothenic acid, 50 mg; niacin, 
88 mg; vitamin B12, 61 µg; biotin, 441 µg; choline (as choline chloride), 882 mg; folic acid, 3.3 mg, 
pyridoxine, 4.41mg; thiamin, 4.41 mg; and vitamin C, 110 µg.  
c AB-20 , provided by Prince Agri Products, Inc., Quincy, IL 62306 
d Provided 0.3 mg Se per kilogram of diet as sodium selenite.  
e Trp was substituted for cornstarch at 0.5%. 
f The digestible amino acid levels were estimated by using the true digestibility coefficients in NRC (1998). 





a tube, centrifuged, and saliva was removed, frozen, and stored for later cortisol analysis 
(ICN Biochemicals; Cat # 07-221102, Costa Mesa, CA 92626).  The technique followed 
that previously used in other studies (Ruis et al., 1997; Gaverink et al., 1998). 
Plasma Cortisol and Lactate 
 Cortisol concentrations (ug/dL) were determined by using an ImmunChem coated 
tube (INC Biochemicals; Cat # 07-221102, Costa Mesa, CA 92626), and lactate 
concentrations (ug/dL) were determined using a commercial kit (Sigma Tech. Bulletin 
#826-UV; Sigma, St. Louis, MO 63178). 
 Statistical Analysis 
Data were analyzed by analysis of variance procedures (Steel and Torrie, 1980) 
appropriate for randomized complete block designs using the GLM procedures of SAS 
(SAS Inst. Inc., Cary, NC).  In Exp. 2, and 3, all hormone data were analyzed with the 
individual pig representing the experimental unit.  Area under the response curve for 
cortisol was determined using trapezoidal geometry (0 to 120 min) and the –10 and 0-min 
samples were used to establish a baseline.  In Exp. 4, treatment differences were 
determined using orthogonal contrast statements appropriate for a 3 x 2 factorial 
arrangement of treatments.  The pen of pigs served as the experimental unit in Exp. 4.  
Results 
Experiments 1 and 2 
 In Exp. 1, cortisol peaked at approximately 10 min after the stressor was induced 
(Figure 6.1).  This response indicates that there is a time lapse between the introduction 
of the stressor and the response.  Therefore, in addition to obtaining the blood collection 
times for the subsequent experiment, this information indicates that blood samples, if 
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taken quickly, can be analyzed for cortisol without the effect of snaring becoming a 
factor.  This procedure is not recommended for bleeding numerous pigs because pigs in a 
pen may become more stressed as their “environment” is threatened, but minimal blood 
samples may be drawn for cortisol analyses.   
 In Exp. 2, as in Exp. 1, plasma cortisol peaked at approximately 10 min after 
snaring.  The mean cortisol concentration for pigs fed Trp was lower (P < 0.01) than 
those fed the basal diet, indicating that Trp decreased the stress response (Figure 6.2a).  
Plasma lactate peaked at 2 min after snaring.  Plasma lactate also was decreased (P < 
0.07) in pigs fed Trp relative to those fed the basal diet (Figure 6.2b).  Both of these 
metabolites suggest that dietary Trp is affecting the stress response, and that Trp may be 
beneficial for reducing stress.   
Experiment 3 
 At the time of snaring, pigs adjacent to those that were snared did not seem to 
react in a way that indicated they were stressed.  There was a slight increase in plasma 
cortisol approximately 2 min after the adjacent pigs were snared, but the response was 
not similar to that when the snared pigs were bled.  The area under the curve for cortisol 
was decreased (P < 0.06) in pigs fed Trp relative to the pigs fed the basal diet (Figure 
6.3).  The overall cortisol concentration also was decreased (P < 0.01) by Trp.  The 
results from this experiment suggest that Trp has the potential to indirectly affect the 
cortisol concentration through its role in serotonin regulation.  
Experiment 4 
Average daily gain, ADFI, and gain:feed were not affected (P < 0.10) by 





































Figure 6.2ab.  Plasma cortisol and lactate concentrations of pigs fed a basal diet or the 



















Trp, P < 0.01, SEM= 0.22 



















Figure 6.3.  Plasma cortisol concentrations of pigs fed a basal diet or the basal + 0.5% 
supplemental tryptophan for 5 d, Exp. 3.  Data are means of 8 (basal) and 7 (Trp) pigs 
each. 
 
were lower (P < 0.10) in pigs fed the basal diet compared to pigs given the Trp bolus or 
Trp in the diet.  The reason for this response is not understood and is not in agreement 
with Exp. 2.  
There were very few significant effects of Trp or handling method on carcass 
traits of pigs.  Dressing percentage and 24-h pH and temperature were reduced in the 
minimally-handled pigs (P < 0.10) compared with the normally-handled pigs (Table 6.3).  
Pigs fed Trp in the diet relative to those fed the basal diet had increased (P < 0.10) 45-
min temperature, Minolta a* and b* values, and drip and total losses. Tryptophan in bolus 
form decreased 45 min pH in the minimally-handled pigs but increased 45 min pH in the 
normally-handled pigs (Trp bolus × handling method, P < 0.10).  Tryptophan in the diet 
increased Minolta L* in minimally-handled pigs but decreased Minolta L* in the 
Snare 
Area under the curve, P < 0.06, SEM= 1.15; Trp, P < 0.01, SEM= 0.13 
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normally-handled pigs (handling method x Trp diet, P < 0.10).  No other response 
variables were affected by handling method or Trp supplementation. 
Table 6.2. Growth performance of finishing pigs fed tryptophan in feed or bolus form 
before slaughtera       
     
 Minimal         Normal 
 Basal (B) B + Trpb B + Bolusc  B B + Trp B + Bolus SEM 
Growth         
ADG, kg 1.11 1.21 0.89  1.01 0.88 0.74 0.13 
ADFI, kg 2.66 3.11 3.29  3.14 2.93 2.96 0.13 
Gain:Feed, kg 0.41 0.38 0.27  0.32 0.31 0.25 0.41 
Cortisol         
 Plasma, ug/dLd 10.61 12.19 15.61  10.56 10.55 14.10 1.99 
 Saliva, ug/dLe 2.05 2.55 2.47  2.00 2.25 2.20 0.19 
a Data are means of four replicates of three or four pigs per replicate. Initial and final BW were 106 and 
111, respectively. 
b Basal diet + 0.5% supplemental trp fed 5 d before slaughter.  
c Bolus (0.1g/kg L-Trp in 60 ml of H2O) was administered orally 2 h before slaughter. 
d Basal vs Trp bolus, P < 0.10. 
e Basal vs Trp diet, P < 0.10. 
 
Discussion 
There are many factors that affect an animal’s homeostasis and that have potential to 
affect its well being. There is reason to believe that through dietary manipulation, the 
incidence of stress can be lowered.  Many researchers have evaluated Trp and its impact 
on the stress response (McGlone et al., 1985; Meunier-Salaün et al., 1991; Shea et al., 
1991; Denbow et al., 1993; DeNapoli et al., 2000).  In a previous study, Neubert et al. 
(1996) measured plasma metabolites after snaring pigs for 5 min and found an increase in 
plasma lactate and catecholamine concentrations.  Results from our experiments suggest 
that feeding supplemental Trp reduces the cortisol and lactate response when an acute
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Table 6.3. Carcass measurements of finishing pigs fed tryptophan in feed or bolus form before 
slaughtera,b 
               
  Minimal                    Normal 
 
 Basal (B) B + Trp B + Bolus B B + Trp B + Bolus SEM 
Carcass Traits        
Dressing percentagec 72.86 72.74 73.42 73.40 73.35 74.12 0.40 
Carcass length, cm 81.30 82.02 80.51 80.80 80.67 81.09 0.48 
Loin muscle area, cm2 42.87 45.57 41.54 40.92 42.85 43.62 1.61 
Tenth-rib backfat, cm 2.12 2.14 2.05 2.07 1.90 2.06 0.12 
Average backfat, cm 2.34 2.25 2.39 2.21 2.32 2.20 0.07 
        
pH and Temp        
45-min pHd 6.10 6.10 6.03 5.99 6.15 6.12 0.05 
45-min Temp,oCe 38.14 38.69 38.29 38.01 38.72 38.77 0.64 
24-h pHc 5.65 5.63 5.59 5.67 5.66 5.66 0.02 
24-h Temp,oCc 1.11 1.03 0.94 1.43 1.44 1.37 0.28 
Rtemp, oC 39.73 39.83 39.89 39.84 39.91 40.07 0.17 
        
Pork Quality        
Colorf 2.41 1.99 2.10 2.00 2.30 2.05 0.15 
Marbling 1.67 1.47 2.02 1.84 1.61 1.65 0.18 
        
Color Scores        
CIE L*f 52.45 54.39 52.69 53.55 52.11 51.78 0.84 
CIE a*e 4.77 5.35 5.68 4.52 5.38 4.37 0.38 
CIE b*e 9.92 11.08 10.71 10.31 10.65 9.86 0.37 
        
Drip loss, %e 5.17 5.73 5.09 4.37 6.80 6.04 0.73 
Cook loss, % 17.94 20.32 20.23 18.44 18.07 18.52 0.98 
Total loss, %e 23.12 26.06 25.33 22.81 24.88 24.55 1.35 
        
Shear force, kg 3.69 3.82 3.69 3.72 3.76 3.42 0.22 
a Data are means of four replicates of three or four pigs per replicate.  Initial and final BW were 106 and 111, 
respectively. 
b Temp= temperature; Rtemp= rectal temperature. 
c Minimal vs normal handling, P < 0.10. 
d Handling x bolus, P < 0.10. 
e Basal vs Trp diet, P < 0.10. 
f Handling x Trp diet, P < 0.10. 
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stressor, such as snaring, is introduced.  This response indicates that there is potential to 
manipulate the body’s response through dietary “supplements” such as amino acids, 
which serve as precursors for various hormones that affect metabolism during times of 
stress.  The amino acids that are most important when neurotransmitters are involved are 
Phe, Tyr, and Trp.  All of these amino acids may play a role in the response we observed 
in our experiments.  If Trp is increased in the diet, it is proposed that Tyr and Phe are not 
able to cross the same blood-brain-barrier that Trp occupies and their products, dopamine 
and epinephrine, are not synthesized in high amounts (Lee and Britton, 1982).    This 
response may have the potential to lower the stress response by not allowing epinephrine 
to be released, resulting in a lower incidence of anaerobic metabolism, and therefore 
lactate release, in the muscles (Hedrick et al., 1989).  Inherently, the decrease in cortisol 
may be the result of increased serotonin (by increasing Trp) production, which has been 
shown to lower the stress response in pigs (Shea et al., 1990; Meunier-Salaün et al., 1991; 
Sève et al., 1991).  Research has indicated that Trp in relation to the large neutral amino 
acids (Val, Phe, Tyr, Leu, and Ile) plays an important role in serotonin production and 
may be responsible for the response that we observed in Exp. 2 and 3 (Sainio et al., 1996; 
Sève, 1999). 
 Tryptophan also has been shown to increase protein synthesis in livers of pigs 
(Cortamira et al., 1991), but feeding crystalline Trp to pigs above their perceived 
nutritional requirement has not been shown to have a beneficial effect on growth 
performance or meat quality (Sève et al., 1991; Adeola and Ball, 1992; Page et al., 1993).  
Results of Exp. 4 agree with results from previous experiments indicating that the use of 
dietary Trp is not beneficial for improving meat quality.  In our results, a higher L* value 
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and lower color score were observed, which both indicate a reduced meat quality in pigs 
fed Trp that were subjected to minimal handling.  Lower a* and b* values were obtained 
and are also indicators of meat color (red and yellow, respectively), but are less 
conclusive.  With the increase in both salivary and plasma cortisol and the negative 
effects on meat quality, these results may indicate that, in this experiment, Trp had a 
stimulatory effect instead of a sedentary effect. 
 Adeola and Ball (1992) also evaluated the use of supplemental Trp in finishing 
pigs (92 kg) on stress responses and the reduction of PSE pork.  Pigs received a corn-
barley-soybean meal diet supplemented with 5 g/kg Trp in the diet 5 d before slaughter.  
Tryptophan supplementation had little effect on muscle and fat depth, but there was a 
lower incidence of PSE pork in pigs fed excess Trp than in pigs fed the control diet (27 
versus 33%).  The pH, color, and structure of the loins and hams were similar regardless 
of diet fed. 
 Perhaps increased levels of Trp intake immediately before slaughter may improve 
meat quality by increasing serotonin and reducing stress, and allowing the glycogen 
stores to remain high.  However, because of the fasting that is necessary before slaughter, 
the diet may not play an important role in affecting the stress response.   That theory is 
the basis for use of the bolus in our experiment.  The reason why there was not a decrease 
in cortisol after the administration of the bolus is not understood, but this response may 
be due to a palatability problem or taste of the bolus that had a negative impact on the 
pigs.  Also, the dose used was extrapolated from a dose commonly used in horses as a 
calming agent before transport (Dr. David Ramey, personal communication), therefore, 
the dose used could have caused problems in the pigs gastrointestinal tract.   The 
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contradiction in the cortisol response of Exp. 2 and 3 compared to Exp. 4 is not well 
understood, but may be due to the many environmental changes that the finishing pigs 
had to contend with before slaughter.  
  While our results using dietary Trp agree with previous research, handling method 
did not affect the response variables measured in our study as it has previously.  
Matthews et al. (2001) conducted a study evaluating handling method on carcass traits 
and observed a decrease in rectal temperature and plasma cortisol in minimally-handled 
pigs.  In addition, a lower Minolta L* was observed in minimally-handled pigs.  The 
response variables, cortisol and rectal temperature, are valid indicators of stress and it is 
not known why we did not see a decrease in minimally-handled pigs.   
  As previously discussed, Trp may play a role in affecting the stress response 
through its role in regulation of serotonin.  The effect of dietary Trp on meat quality may 
not be beneficial because the pigs are fasted for a long duration before slaughter.  
However, increased Trp levels may play a role in decreasing stress during the transport to 
the slaughter facility and thus reduce the incidence of PSE pork.  Higher levels of dietary 
Trp may be necessary to induce the sedative effect that is needed for improved meat 
quality.   
 Increased dietary tryptophan decreased cortisol after an acute stress, indicating 
that tryptophan can reduce the stress response. Tryptophan supplementation does not 
improve meat quality or give any indication of affecting stress levels at the slaughter 
facility.  Further research is needed to elucidate any beneficial effects of Trp on meat 





BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF SUPPLEMENTAL  
L-TRYPTOPHAN ON AGGRESSION IN WEANLING PIGS 
 
Introduction 
Weaning and subsequent mixing of nursery pigs induce stress and aggression, 
which is commonly known to have a negative impact on feed intake, growth, and overall 
health (prone to diarrhea).  The stress that is involved in mixing pigs is assumed to affect 
all aspects of “normal” metabolism that results in changes in the body’s homeostasis.  
This refers to behavioral, neurohormonal, and immunological barrier (intestinal integrity) 
changes that are incurred by a “perceived” threat or stressor.  Strategies to alleviate stress 
and to reduce aggression should be researched in hopes of improving overall performance 
of pigs after weaning.     
Tryptophan (Trp) has been shown to have an effect both behaviorally and 
physiologically in many species such as pigs (Sève at al., 1991), rats (Leathwood, 1987), 
and chickens (Rosebrough, 1996).  Tryptophan has been suggested to influence the 
reduction of aggressive behaviors in nursery pigs.  It is the precursor of the 
neurotransmitter, serotonin, which is responsible for many behavioral changes such as 
mood and aggression.  Supplemental Trp after weaning and during mixing may reduce 
stress (as measured by cortisol) and aggression.  Sève et al. (1991) reported an increase in 
hypothalamic serotonin subsequent to feeding a diet supplemented with Trp for 5 d.  In 
theory, increased levels of Trp would elevate brain serotonin and elicit a sedative effect.  
If Trp is able to reduce stress and aggression, feed intake may increase along with 
improved growth and gastrointestinal health.   
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There has been little research incorporating behavior, physiological, and growth 
responses in studies conducted with Trp, but all of these measurements are useful in 
determining beneficial effects of supplemental Trp.  In order to validate the importance of 
supplemental Trp and its effects on aggressive behavior, it is important to use 
physiological indices that are indicative of changes in metabolism, neurohormones, and 
overall growth performance.  There are ways to measure these responses by direct 
observation, brain and intestinal tissue, in addition to conventional measurements of 
salivary cortisol.  Therefore, the purpose of this study was to evaluate the effects of Trp 
on growth, behavior, intestinal morphology, and brain and plasma metabolites subsequent 
to weaning and mixing.   
Materials and Methods 
All procedures involving animal handling and testing were approved by the 
Institutional Care and Use Committee of the Institute for Animal Science and Health (ID-
Lelystad) in Lelystad, The Netherlands.   
Experiment  
Eight sows (Dutch Landrace x Great Yorkshire) were transported from Raalte 
Breeding Institute to ID-Lelystad approximately 18 d before farrowing.  Sows were 
housed in individual farrowing crates, and were fed a conventional gestation diet until 
parturition.  Pigs were cross-fostered after farrowing to ensure that each sow had nine 
pigs.  Pigs had access to nipple waterers (one per farrowing crate) and were checked 
twice daily by animal care technicians. 
Pre-weaning  During the lactation period, social rank (dominant to most 
submissive) of each pig within each crate was established based on a backtest and teat 
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order.  Generally, pigs with the highest backtest score usually suckled the anterior teats.  
Using an average of the day-to-day teat order, and the backtest score, social rank at 
weaning was established. 
Backtests were performed on each pig 2 d after farrowing.  Backtests were 
conducted by removing each pig from its pen and placing it in the supine position for a 
period of 1 min.  The pig was restrained manually following the technique described by 
Hessing et al. (1993).  Each pig was given a resistance score. This score gives an 
indication of a tendency towards aggression or submission.  The scores range from 0 (no 
resistance) to 6 (resisted six times during the minute) for each pig.  The backtest scores 
were used for allotting during the mixing period. The same scientist performed all tests.   
Teat order was determined daily.  Pigs were marked with paint sticks in order to 
distinguish them from one another during teat order observations.  The first teat (anterior) 
on the right and left sides of each sow was usually suckled by the dominant pigs in the 
crate, while the last teat (posterior) was usually suckled by the most submissive pigs in 
the crate.  Recordings of teat order were consistent within pen over time once social rank 
was established by the pigs.    
Health scores from 0 (healthy) to 4 (unhealthy) were determined 3 d before 
weaning.  Pigs were weighed biweekly for ADG determination.  Pigs were handled daily 
(15 min per pen) and introduced to the cotton swabs that would later be used for salivary 
cortisol collection.  The handling was done to get the pigs accustomed to people, thus 
minimizing stress the days that evaluations were conducted.  The same scientist was used 
for all of the behavioral records and handling to ensure consistency.  Pigs were weaned at 
25 d of age.   
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Post-weaning  After 25 d, sows were removed and pigs remained in their 
respective crates.  Bars used in the farrowing crates also were removed so pigs had an 
open crate.  On D 1 post-weaning, pens were randomly allotted to diets (Table 7.1) 
containing either 0 or 0.5% Trp.  The diets were fed for 5 d before the pigs were mixed. 
The diets were offered ad libitum and provided in pelleted form.  Body weight and feed 
intake were recorded daily, in addition to overall health scores.  On D 4, behavior was 
recorded and saliva was collected at 1100.  On D 5, saliva was collected at 1100 and one 
pig per pen was killed for brain, blood, and intestinal extraction. Pigs chosen to be killed 
were chosen by BW and were considered intermediate (neither dominant nor submissive) 
pigs in the crate.  Behavior was recorded using the ethogram as suggested by Dr. D. 
Ekkel (personal communication).  The scan technique was used to mark down each pig’s 
actions in 1 min before looking at the next pen.  Each session was 1 h. The ethogram 
indicted posture (standing, lying, or sitting).  The posture was used for statistical analysis.  
Two scientists were used for the behavior observations and each scientist evaluated all 
pens of pigs.  Behavior was recorded on D 4, 5, 6, 7, and 11.    
Mixing  On D 6 at 0500, pigs were mixed based on social rank, BW,  sex, and 
within treatment. Within each crate, the two most dominant and the two most submissive 
pigs were established.  Using backtest scores, teat suckling order, BW, and sex, the most 
dominant pig was paired with another most dominant pig from another crate and these 
two pigs were placed in the same crate.  This process was used for the two dominant and 
two submissive pigs within each crate. This pairing process was continued until all pigs 
had been moved and mixed with other pigs.  The four intermediate dominance pigs 
within each crate were moved based on BW and sex.  Each crate contained eight pigs, 
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two dominant pigs, two submissive pigs, and four intermediate pigs.  Pigs remained on 
the treatment diets (0 or 0.5% Trp) during mixing and 4 d after mixing.  At 0600, on D 6 
(1 h after mixing), pigs were observed for 1 h (1 min/pen) and behaviors were recorded 
using the ethogram.  Each pen of pigs was observed 15 times within the h.  After a 30-
min break, pigs were observed for an additional 1 h.    Starting at 1100, saliva was 
collected from all pigs, and subsequently, one pig was killed.  Pigs chosen to be killed 
were pigs that fought but were defeated.  Saliva was collected and pigs were killed at 30 
min intervals.  The day after mixing (D 7), behavior was recorded at 0500 and starting at 
1100, saliva was collected from all pigs, and subsequently, one pig was killed.  Saliva 
was collected and pigs were killed in 30 min intervals. 
Salivary Cortisol 
 Pigs were introduced to cotton swabs early in the experiment to ensure a low level 
of stress during the collection at crucial times.  At the time of collection, pigs chewed on 
two cotton swabs simultaneously until thoroughly moistened (usually 1 min).  The 
procedure followed that of Ruis et al. (1997).  The swabs were then placed in centrifuge 
tubes and placed on ice until centrifugation for 10 min at 400 x g to remove the saliva 
from the swabs.  The swabs were removed from the tubes and saliva samples were then 
stored at -80o C until analysis.  Cortisol concentrations were measured by using a 
commercial radioimmunoassay kit (Coat-A-Count Cortisol, TKCO, Diagnostic Products, 
Apeldoorn, The Netherlands). 
Hypothalamus 
 After the pig was euthanized (pentobarbital injection via the ear vein), the head 
was removed and the brain extracted (within 10 min) for hypothalamus collection.  The 
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Table 7.1.  Composition of experimental diet 
Ingredient    % 
Barley 28.21 
Wheat 25.00 
Soybean meal (47.5%) 18.00 
Field peas 5.00 
Wheat middlings 7.50 
Fish meal 2.00 
Blood meal 1.00 
Sugar 2.00 
Molasses 3.50 
Soybean oil 3.24 
Limestone 1.58 
Monocalcium phosphate 0.90 
Cornstarcha 1.00 
Salt 0.25 
Vitamin/mineral premixb 0.20 
Choline chloride 0.03 





Calculated nutrient composition, %c  
t Lys 1.20 
t TSAA 0.73 
t Thr 0.76 
t Trp 0.24 
t Ile 0.72 
t Val 0.92 
d Lys 1.03 
d TSAA 0.62 
d Thr 0.61 
d Trp 0.20 
d Ile 0.60 




a  0.5% Trp added in place of cornstarch to make the supplemental Trp diet.  
b Provided the following per kilogram of diet: vitamin A, 10,000 IU; vitamin D3, 2,000 IU; vitamin E, 20 
IU, vitamin K3, 1.5 mg; thiamin, 1 mg; riboflavin, 4 mg; pantothenic acid, 15 mg; niacin, 25 mg; biotin, 25 
:g; vitamin B12 , 20 g. 
c t= total; d= true digestible.  Diets were formulated using ingredients, amino acid composition, and 
digestibility coefficients according to the CVB (Central Animal Feed Bureau).
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hypothalamus was immediately frozen in dry ice in a precooled beaker containing n-
heptane and stored at -80o C until analyses.  The indolamines serotonin (5-
hydroxytryptamine; 5-HT) and its metabolite 5-hydroxyindoleacetic acid (5-HIAA) and 
the catecholamines dopamine (DA) and its metabolites 3,4-dihydroxyphenyl acetic acid 
(DOPAC) and homovanillic acid (HVA) were analyzed by methods as previously 
described by Barf et al. (1996).   
Histological examination 
On D 5, 6, and 7, after pigs were euthanized, intestinal tissue was removed for 
morphological determination.  Five samples of intestinal tissue were taken from different 
sites along the small intestine (10, 25, 50, 75, and 95% of the length).  The tissue was cut 
on the mesenteric side and pinned with the serosal side to a piece of cork.  The same 
scientist was used for the tissue extraction and pinning to eliminate variation.  The 
samples were then placed in a formulin solution with the mucosal side down so the villi 
were fixed vertically.  After fixation, a piece of each sample was embedded in paraffin 
wax by standard techniques.  Each sample was then stained and examined under a 
microscope using an ocular micrometer.  The same scientist was used for all measuring to 
reduce variation.  The villus height was measured from the tip of the villi to the villi-
crypt junction.  The depth was measured from this junction to the base of the crypt 
(Nabuurs et al., 1993).  Ten measurements were taken from each slide. 
Statistical analysis 
 Data were analyzed by ANOVA procedures using the GLM procedures of SAS 
(SAS Inst. Inc., Cary, NC).  Growth data were analyzed as a random complete block 
design and the pen of pigs served as the experimental unit.  Means for salivary cortisol, 
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behavior, brain metabolites, and intestinal morphology (villi height and crypt depth) were 
separated using the LSD procedure and the pig served as the experimental unit.  Villus 
height and crypt depth at a specific site on each intestinal sample were determined by 
averaging the individual measurements from each pig in the same treatment group.  Mean 
villus height and crypt depth were determined by averaging the values obtained from the 
samples of five sites along the small intestine.   
Results 
Average daily gain, ADFI, and gain:feed were not affected (P > 0.10) by Trp 
supplementation (Table 7.2).  Behavioral responses also were not affected by diet (P > 
0.10; Table 7.3).  Supplemental Trp increased 5-HT (P < 0.09), 5-HIAA, 5-HIAA:5-HT 
(P < 0.01), and HVA (P < 0.03) concentrations in the hypothalamus (Table 7.4).  Salivary 
cortisol was decreased (P < 0.10) in pigs fed Trp relative to those fed the basal diet the 
day of mixing (D 6) and the day after mixing (D 7; Table 7.5).  Villi height (P < 0.10) 
and villi height/crypt depth (P < 0.05) were increased in pigs fed supplemental Trp 
relative to those fed the basal diet (Table 7.6).  Crypt depth was not affected (P > 0.10) by 
Trp. 
Discussion 
 Brain neurotransmitters are intricately linked with Trp and its role in body 
metabolism. Because of its involvement with brain serotonin, Trp has been shown to be 
responsible for affecting mood regulation, feed intake, behavior, and sleep patterns 
(Leathwood, 1987; Baranyiova, 1991).  Dominance order is a very common social 
behavior in pigs and aggression is a common occurrence when pigs are mixed.  To date 
however, there has been limited research conducted in the area of behavior and Trp in 
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Table 7.2.  Growth performance of pigs fed tryptophan during the nursery perioda 
     Trp, % 
Item      0  0.50  SEM 
D 0 to 4 
ADG, g 62 57 19 
ADFI, g 133 121 6  
 
Gain:feed, kg 0.38 0.45 0.15 
D 7 to 20 
ADG, g 189 148 17 
ADFI, g 301 275 16  
 
Gain:feed, kg 0.65 0.56 0.06 
a Data are means of four replicates of 9 (D 0-4) or 5 (D 7-14) pigs.  Average initial and final weights were 
7.5 and 9.9 kg, respectively. 
 
swine, and often much of it is inconsistent with expected metabolite changes.  Results 
from our experiment agree with previous researchers on the effects of Trp on behavior 
and brain metabolites.   
In 1985, McGlone et al. evaluated the effect of 0.5 % Trp on regrouping and heat 
stress in 8.6-kg pigs.  There were four treatments consisting of an intact litter (control), an 
intact litter fed Trp, regrouped pigs not fed Trp, and regrouped pigs fed Trp.  Regrouped 
pigs fed Trp had improved ADG and ADFI during the first seven days of the trial.  
Neither regrouping nor Trp alone had an effect on growth.  Although the weights differ, Henry 
et al. (1996) evaluated brain indolamines and catecholamines in pigs (38 kg) fed 12.7 or 
16.7% crude protein diets in combination with deficient (0.12%) or adequate (0.16%) 




Table 7.3.  Behavioral responses of pigs fed tryptophan during the nursery perioda 
 Trp, % 
Item 0 0.50 SEM 
D 4  
 Lying 82  93  9  
 Standing 17  5  8 
 Sitting 1  2  1 
D 5 
 Lying 75  87  12 
 Standing 24  13  10 
 Sitting 1  0  1 
D 6 (mixing) 
 Lying 76  80  11 
 Standing 23  18  12 
 Sitting 1  2  1 
D 7 
 Lying 62  72  9 
 Standing 38  28  8 
 Sitting 0  0  0 
D 11 
 Lying 68  88  13 
 Standing 31  12  12 
 Sitting 1  0  1 
a Data are means of four replicates of 9 (D 4), 8 (D 5), 8 (D 6) or 6 (D 7 and 11) pigs.  Average initial and 
final weights were 7.5 and 9.9 kg, respectively.  The data represent the percentage for each posture on each 





Table 7.4.  Indolamine and catecholamine concentrations in the hypothalamus of pigs fed 
tryptophan during the nursery perioda 
 Trp, % 
Itemb 0 0.50  SEM  P > F 
5-HT 1.604  1.783  0.08 0.09 
5-HIAA 0.322  0.490  0.03 0.01 
5-HIAA:5-HT 0.198  0.273  0.01 0.01 
 
DA 0.446  0.466  0.03  NSc 
DOPAC 0.103  0.109  0.01 NS 
HVA 0.236  0.288  0.04 0.03 
a Measured in ng/mg.  Data are means 12 pigs per treatment.  
b 5-HT= 5-hydroxytryptamine (serotonin); 5-HIAA: 5-hydroxyindoleacetic acid; DA: dopamine; DOPAC: 
3,4-dihydroxyphenyl acetic acid; HVA: homovanillic acid.  
c NS= not significant, P > 0.10. 
Table 7.5. Salivary cortisol concentrations of pigs fed tryptophan during the nursery 
perioda 
  
 Trp, % 
Salivary Cortisol  0 0.50  SEM  P > F 
D 1 (pigs weaned) 1.9 1.8 0.39 NS b 
D 4 1.5 1.4 0.44 NS 
D 5 3.0 1.8 0.48 0.07 
D 6 (pigs mixed) 1.9 1.0 0.31 0.02 
D 7 1.6 1.6 0.42 NS 
D 11 2.0 2.1 0.49 NS 
a Measured in ng/ml.  Data are means 12 pigs per treatment. 




Table 7.6. Villus height and crypt depth in pigs fed tryptophan during the nursery perioda 
 Trp, % 
Item 0 0.50 SEM  P < F 
Villi height (VH), µm 333.9 401.0 24.4 0.10 
Crypt depth (CD), µm 133.5 116.0 8.5 NSb 
VH:CD 2.50 3.45 0.31 0.04 
a  Data are means 12 pigs per treatment. 
b NS= not significant, P > 0.10. 
 
concentration in all regions of the brain.  With the exception of the hippocampus, the 5-
HIAA:serotonin ratio also was increased in pigs supplemented with Trp, which agrees 
with previous studies that evaluated the effect of Trp on brain serotonin (Sève et al., 
1991; Henry et al., 1992).  In our experiment, the catecholamines were not as affected as 
the indolamines by Trp supplementation.  The level of serotonin increased with dietary 
Trp as expected.  These results agree with the studies of Meunier-Salaün et al. (1991), 
Adeola and Ball (1992), and Uttecht et al. (1992).   
Behavioral results from this experiment were not indicative of what was expected 
based on the theory of Trp and its effect on aggression.  This finding agrees with a study 
conducted by Sève et al. (1991) who evaluated brain metabolites and behavior (as 
evaluated by subjective indication of grunts, squeals, ambulation, and exploration on D 5, 
23, and 45 after weaning) in weanling pigs given varied levels (0.14, 0.23, or 0.32%) of 
dietary Trp.  Brain Trp and Trp:LNAA concentrations were increased by dietary Trp, but 
they were increased similarly in pigs regardless of dominance status.  Behavioral 
reactivity, as determined by the results of an ‘open-field’ test, was not influenced by 
dietary Trp.  In a companion paper, Meunier-Salaün et al. (1991) reported that dietary 
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Trp levels induced large variations in brain amino acids and indole concentrations, but 
changes in behavioral responses were minor.  
Results from nursery pig studies have shown varied results for Trp and behavior. 
However, supplemental Trp consistently reduces the incidence of aggression in birds.  
Shea-Moore et al. (1996) reported that 1.5% supplemental Trp decreased the frequency of 
aggressive behavior compared with birds fed control diets containing 0.19% Trp.  This 
agrees with Laycock and Ball (1990) who alleviated hysteria in laying hens with the 
addition of supplemental Trp.   
 In addition to behavior and brain metabolites, intestinal morphology was used as a 
measure of stress (Nabuurs et al., 1993).  Intestinal absorption can be decreased during 
times of stress and influence the occurrence of diarrhea.  Morphology of the intestine 
(villi height and crypt depth) is a good indicator of stress.  In weaned pigs, because of the 
stress imposed on them, there is often shortened villi and deepened crypts.  Results from 
this experiment indicate that supplemental Trp improved the height of the villi.  Crypt 
depths were not affected by Trp supplementation; however, the ratio of villus 
height:crypt dept was higher in Trp fed pigs.   
 Our experiment evaluated many response variables that may be affected by 
supplemental Trp, and the impact of Trp on aggression in nursery pigs.  Behavioral 
responses were not affected by Trp.  The indolamines were increased by Trp in the 
hypothalamus, as has been shown in previous research.  The decrease in cortisol after 
mixing indicated that Trp did reduce the stress that pigs experience after being mixed.  
Intestinal morphology indicated that Trp increased villi height, which may affect nutrient 
absorption and gastrointestinal health.  Overall, this research used many indices to 
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evaluate the response of pigs to supplemental Trp in weanling pigs after being mixed.  
More research may be needed for conclusive results on behavior and intestinal 
morphology; however, other response variables (brain metabolites and cortisol) further 




SUMMARY AND CONCLUSIONS 
Five experiments were conducted to determine the dTrp requirement of nursery 
pigs.  A diet with Canadian field peas (CFP) supplemented with Trp resulted in ADG, 
ADFI, and gain:feed equal to the positive control diet.  This diet was used to estimate the 
dTrp requirement of nursery pigs.  Response variables were ADG, ADFI, GF, and plasma 
urea N concentrations, and data were analyzed using the broken-line model.  Results 
indicate that the dTrp requirement is 0.21, 0.20, and 0.18% for Phase I (5.2 to 7.3 kg), II 
(6.3 to 10.2 kg), and III (10.3 to 15.7) nursery pigs, respectively.  
Four experiments were conducted to determine the dTrp requirement of growing 
and finishing pigs.  Response variables were ADG, ADFI, gain:feed, carcass 
characteristics, meat quality, and serum urea N concentrations, and data were analyzed 
using the broken-line model.  Results of our experiments indicate the dTrp requirement of 
pigs weighing 30.9, 51.3, and 74.6 to 104.5 is 0.167, 0.134, and 0.102%, respectively.   
An experiment determining the dietary ratio of Trp:Lys and Thr:Lys in diets for 
nursery pigs (7.1 to 15.6 kg BW) was conducted.  Overall, optimal performance was 
obtained in pigs fed the true digestible Trp:Lys ratio of 0.195 at Thr:Lys ratios 0.60 and 
0.65. 
Two experiments were conducted to determine the effects of supplemental Trp on 
plasma lactate and cortisol in pigs with an acute stress.  After 30 s of snaring, pigs fed the 
diet with supplemental Trp had a lower mean plasma cortisol and lactate concentration 
than pigs fed the basal diet.  In pigs adjacent to those getting snared, the area under the 
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curve and mean for plasma cortisol were lower in pigs fed Trp relative to those fed the 
basal diet.  
An experiment was conducted to determine the effects of supplemental Trp on 
meat quality.  Three different treatments with Trp (basal diet, 0.5% in the diet for 5 d, or 
a 0.1g/kg bolus 2 h before slaughter) and two handling methods (minimal and normal 
handling) were used.  Minimal effects on meat quality were observed and were not 
consistent within treatment.  Tryptophan had no positive effect on meat quality. 
An experiment was conducted to determine the effects of supplemental Trp on 
behavior, physiology, brain metabolites, and salivary cortisol in nursery pigs after they 
were mixed.  The use of supplemental Trp had inconsistent results on behavior, brain 
metabolites, salivary cortisol, and intestinal morphology.  Serotonin and its metabolite 5-
HIAA were both increased by 0.5% Trp added to the diet.  On the day of mixing, cortisol 
was decreased in pigs fed diets containing Trp.  Other response variables were not as 
conclusive. 
The dTrp requirements of nursery pigs in Phase I, II, and III were 0.21, 0.20, and 
0.18%, respectively and the requirements in growing (20 to 40 kg and 40 to 60 kg) and 
finishing pigs were 0.167, 0.134, and 0.102%, respectively.  Optimal performance was 
obtained in pigs fed the true digestible Trp:Lys ratio of 0.195 at Thr:Lys ratios 0.60 and 
0.65. 
Supplemental Trp (0.5% for 5 d) was shown to decrease cortisol and lactate after 
the incidence of an acute stressor, indicating that Trp may manipulate the body’s 
response to stress.  An increase in serotonin and its metabolites in the brain support this 
theory.  Meat quality was not improved by Trp supplementation.  All of these results 
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indicate that there is not a conclusive benefit for using supplemental Trp to control 
behavior in nursery pigs and as a sedative before slaughter; however Trp may be 
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